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GENERAL INFORMATION, INDEX TO ALL DEVICES, 
INTERCHANGEABILITY GUIDE, HOW TO PLACE AN ORDER 


POWER/ PERIPHERAL DRIVERS 
DUALS AND QUADS TO 120V or 1.5A 


HIGH-VOLTAGE DISPLAY DRIVERS 
— 120 V to +130 V, 5 to 8 Drivers 


HIGH-CURRENT DARLINGTON AND TRANSISTOR ARRAYS 
TOI.5A 


MOS AND BIMOS CIRCUITS 


SPECIAL CIRCUITS 
CUSTOM PACKAGING 


APPLICATIONS INFORMATION, PACKAGE DRAWINGS, 
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GENERAL INFORMATION 


The Integrated Circuits Operations of the Sprague 
Electric Semiconductor Division is headquartered in 
a 140,000 square foot modern plant in Worcester, 
Mass. Discrete components, such as transistors and 
diodes and Hall Effect integrated circuits, are 
manufactured at the Division’s Concord, N. H. 
plant, which occupies some 30,000 square feet of 
floor space. 


PO 


INTEGRATED CIRCUIT OPERATIONS, Worcester, Massachusetts 


Sprague Electric is a leading manufacturer of 
volume specialty circuits for the consumer, industrial 
controls, and peripherals markets. Production 


process technologies include P-Channel and com- 
plementary metal-gate MOS, high voltage and high- 
current bipolar and high-performance bipolar linear. 
This breadth of process technology makes it possible 
for Sprague Electric to manufacture optimum cost- 
performance integrated circuits. 


_ Sprague Facilities 


The Sprague Electric Company manufactures ac- 
tive and passive components in 17 locations in the 
United States and 5 countries in Europe and the Far 
East. Headquarters of the Semiconductor Division 
are located in the Worcester, Mass. plant shown in 
the photograph. All semiconductor wafer 
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fabrication is in this plant as are all services integral 
to its support. Volume assembly operations are 
located both in Worcester and in Manila, Phillipines. 
Marketing and sales offices and sales representatives 
are located throughout the United States and 
Canada, Latin America, Europe, Japan, and other 
countries in Africa and the Far East. 


Index to All Devices (in numerical order) 


Device Type 


UHC-400 thru 433-1 
UHD-400 thru 433-1 
UHP-400 thru 433-1 
UHP-480 and 481 
UHP-482 

UHD-490 and 491 
UHP-490 and 491 
UHP-495 

UHC-500 thru 533 
UHD-500 thru 533 
UHP-500 thru 533 
TPP-1000 and 2000 
ULN-2001 thru 2025A 
ULN-2001 thru 2015R 


ULS-2001 thru 2025H 
ULS-2001 thru 2015R 
ULN-2031 thru 2033A 
ULN-2031 thru 2033R 


ULS-2045H 
ULS-2045R 
ULN-2046A 
ULN-2046A-1 
ULN-2047A 
ULN-2054A 

ULN-2061 and 2062M 
ULN-2064 thru 2077B 
ULN-2081 and 2082A 
ULN-2083A 
ULN-2083A-1 
ULS-2083H 
ULN-2086A 

ULN-2110 thru 2136A 


ULN-2139D and 2139M 
ULS-2139D and 2139M 
ULN-2140A 

ULS-2140H 

ULN-2151D and 2151M 
ULS-2151D and 2151M 
ULN-2171D and 2171M 
ULS-2171D and 2171M 
ULN-2204 thru 2220A 


TPQ-2221 
ULN-2221A 


TPQ-2222 
ULN-2224 thru 2298A 


ULN-2300M 
ULN-2301M 
ULN-2401 thru 2430M 


TPQ-2483 and 2484 
UDN-2540B 
UDN-2580A 
UDN-2580R 
ULN-2601A 


Data Applications 


2-2 7-15 
3-2 7-4 


35 7-4 


2-2 7-7,16 
4-81 

4-2 7-2,6,35,42 
see ULN-2001 thru 
2015A 

4-1] 

4-1] 

4-22 7-6 

see ULN-2031 thru 
2033A 

4-24 

see ULS-2045H 
4-24 


4-31 7-24 
4-31 75,32 
4-42 7-6,37 


4-45 


see Linear Data 
Book 

4-83 

see Linear Data 
Book 

4-83 

see Linear Data 
Book 

6-11 

see ULN-2300M 
see Linear Data 
Book 

4-83 

2-13 

4-46 

see UDN-2580A | 
see Linear Data Book 


*Thermal data is given in the curves on page 7-60. 


Thermal* 


Device Type 
ULN-2801 thru 2825A 
ULN-2801 thru 2815R 


ULS-2801 thru 2825H 
ULS-2801 thru 2815R 
UDN-2841 thru 2846B 
TPQ-2906 and 2907 

UDN-2956 and 2957A 
UDN-2956 and 2957R 


UDN-2981 thru 2984A 
UDN-2981 thru 2984R 


TPP-3000 
ULN-3303 thru 3330Y 


UGN-3501M and 3501T 


UDN-361.1 thru 3614M 
UDS-3611 thru 3614H 
ULN-3701 and 3702Z 


TPQ-3724 thru 3799 
ULN-3801Q 


TPQ-3904 and 3906 
UCN-4103A 

UCN-4105A 

UCN-4112A and 4112M 
UCN-4116M 
UCN-4123M 

ULN-4136 thru 4336A 
UCN-4401A 

ULN-4436A 

UCN-4801A 

UCN-4805A 

UCN-4806A 

UCN-4810A 

UCN-4815A 

UDN-5703 thru 5707A 
UDS-5703 thru 5707H 
UDN-5711 thru 5714M 
UDN-5733A 

UDS-5733H 

UDS-5790 and 5791H 
TPQ-6001 thru 6100A 
UDN-6116A and 6116A-2 
UDN-6116R and 6116R-2 


UDN-6118A and 6118A-2 
UDN-6118R and 6118R-2 


UDN-6126A and 6126A-2 
UDN-6126R and 6126R-2 


UDN-6128A and 6128A-2 
UDN-6128R and 6128R-2 


UDN-6144 and 6164A 
UDN-6184A 

TPQ-6501 thru 6700 
UDN-7180 thru 7186A 


Data Applications 
4-50 

see ULN-2801 thru 
2815A 


4-60 
4-60 
4-7] 7-36 
4-83 
4-77 7-36 


see UDN-2956 and 
2957A 

4-79 7-6,39 
see UDN-2981 thru 
2984A 

4-8] 

see Linear Data 
Book 

see Linear Data 
Book 

2-19 7-21 
2-14 

see Linear Data 
Book 

4-83 

see Linear Data 
Book 


2-23 7-2,19 
2-2] 
2-32 7-49 


see UDN-6116A and 
6116A-2 

3-9 

see UDN-6118A and 
6118A-2 

3-9 

see UDN-6126A and 
6126A-2 

3-9 

see UDN-6128A and 
6128A-2 


3-13 7-4,27 
3-13 
4-83 
3-17 1-3,27 


Thermal* 


1A 


1C 
4C 


GENERAL INFORMATION (Cont.) 


UDN-2841/2842 {4/H) 
~ 1/2 UDN-2845/2846 (2/H) 
LIMITING 
AND/OR 
oe We: 
14mA @UDN-7180 (8/H) 
1-2mA @ UDN-7183 thru UDN-7186 


—120 =A10 —100 


—15mA @ 
UHP-490 (5/H) 
UHP-491 (6/H) 
UHP-495 (6/L) 


LIMITING 
AND/OR 
SHIFTING 


Es) @ 
UDN-2956/2957 (5/1) UDN-2580 (8/L) | 


— _ UDN-2843/2844 (4/H) 
1/2 UDN-2845/2846 (2/H) 


(SINK) 


1.4A 


1.2A 


1A 


0.5A 


0.4A 


0.3A 


0.2A 


0.1A 


—0.1A 


—0.2A 


—0.3A 


—0.4A 


—0.5A 


—1.2A 


—1.4A 


-1.6A 


(SOURCE) 


GENERAL INFORMATION (Cont.) 


(SINK) 


(SOURCE) 


+| UDN-2540 (4/H) 


1.6A 


1.5A @SERIES 
ULN-2062M (4/H) 


thru 
ULN-2077B (4/H) 


1.4A 


1.25A @SERIES 
ULN-2061M (4/H) 


thru 
ULN-2076B (4/H) 


1.2A 


LIMITING 
AND/OR 
SHIFTING 


@ SERIES 
ULN-2011 — 2015 (7/H) 
ULN-2811 — 2815 (8/H) 


UCN-4401 (4/H) 
UCN-4801 (8/H) 


0.4A 


@ SERIES nice 2025 (7/H 
ULN-2001 — 2005 (7/H ULN-2021 — 2025 (7/H) 
0.3A ULN-2801 —2808 tau © SERIES ULN-2821 —2825 (8/H) @ UDN/S-5790/91 (4/L, H) 
@ SERIES SERIES @ UDN-5700A 
. UHP-400 (4/H, L) UHP-400-1 (4/H,L)  UDN-5700M _ SERIES 
02 e UHP-500 (4/H, L) 
ULN-2081 (7/H) UHP-480 (5/H) 
UHP-481 (7/H) 
0.1A ULN-2031 (7/H) UHP-482 (8/H) 
@ 25mA @ 
120 130 


1 
20mA  @ 

UDN-6144 (4/H) 
thru 

UDN-6184 (8/H) 


25mA  @ o5mA @ a 


—0.1A @ _UCN-4815 (8/H) Tak i 6 (6/H) 
ULN-2032 (7/L) UDN-6128 (8/H) 


—0.2A e@ 


ULN-2082 (7/H) 


—0.3A 


—0.48 UDN-2981/2982 (8/H) ___ UDN-2983/2984 (8/H) 


—0.5A 


LIMITING 
AND/OR 
SHIFTING 


—1.2A EXAMPLE: 


UDN-2981/2982A (8/H) 


Me. HIGH INPUT 
/ ACTIVE ON 


/ 
£—— LOWINPUT 
ACTIVE ON 


N = NUMBER 
=) OF CHANNELS 
PER DIP 


—1.4A 


—1.6A 


Is 


GENERAL INFORMATION (Cont'd) 


How to Place an Order 
UL N - 2046 A-1 


fad INSTRUCTIONS. 
1 = SELECTED VERSION, SEE DETAIL SPECIFICATIONS 
MIL = MILITARY GRADE WITH SCREENING TO MIL-STD-883, CLASS B (HERMETIC 
PARTS ONLY). 
PACKAGE DESIGNATION. 
A= PLASTIC, 14-, 16-, 18-, or 22-PIN DUAL IN-LINE 
B = PLASTIC, 16-PIN WEBBED DUAL IN-LINE 
C = CHIPS OR WAFERS 
D = METAL CAN, 8-PIN 
H = HERMETIC, 8-, 14-, 16-, or 18-PIN DUAL IN-LINE 
J = HERMETIC, 14-PIN FLAT PACK 
K = METAL CAN, 10-PIN 
M = PLASTIC, 8-PIN DUAL IN-LINE 
R = HERMETIC, 14-, 16-, or 18-PIN DUAL IN-LINE 
T = PLASTIC, 3-LEAD 
DEVICE TYPE (ALWAYS FOUR DIGITS). 
OPERATING AMBIENT TEMPERATURE RANGE. 
N = COMMERCIAL/INDUSTRIAL 
= FULL MILITARY/EXTENDED INDUSTRIAL 
FAMILY 


UC = CMOS, BiMOS, AND I2L 
UD = DIGITAL DRIVERS 
UG = HALL EFFECT DEVICES 
UL =LINEAR DEVICES 


UH D - 400 - 1 
ie INSTRUCTIONS. 
1 = SELECTED VERSION, SEE DETAIL SPECIFICATIONS 
MIL = MILITARY GRADE WITH SCREENING TO MIL-STD-883, CLASS B (HERMETIC 
PARTS ONLY). 
DEVICE TYPE (ALWAYS THREE DIGITS). 


PACKAGE DESIGNATION 
C = HERMETIC, 14-PIN FLAT PACK 
D = HERMETIC, 14- or 16-PIN DUAL IN-LINE 
P = PLASTIC, 14-, 16-, OR 18-PIN DUAL IN-LINE 


FAMILY 


GENERAL INFORMATION (Cont'd) 


How Integrated Circuits are Shipped 


Integrated circuits are shipped in one of these 
carriers: 


Slide Magazine 
A-Channel Plastic Tubing 
A-Channel Metal Tubing 
Barnes Carrier 


Individual Plastic Box 


Integrated circuit chips are shipped in either un- 
scribed wafer form or individually partitioned in a 
see-through plastic box. 


Quality Control and Reliability 


All critical points in the manufacturing processes 
of Sprague Electric integrated circuits are carefully 
monitored for compliance to _ engineering 
specifications. Electrical tests are made on 100% of 
the parts by automatic testers. Lot sampling assures 
meeting customer A.Q.L. requirements. Calibration 
of test standards and equipment is performed at 
periodic intervals in order to maintain test accuracy. 


The Sprague Electric Company conducts a con- 
tinuing reliability assurance program to detect 
deviations in device characteristics. Test samples are 
taken at random from each lot and are subjected to 
testing for performance evaluation. Periodically, 
finished test samples are subjected to all electrical 
performance requirements. A copy of the quality 
control inspection plan used for specific integrated 
circuits is available upon request. 


GENERAL INFORMATION (Cont'd) 


WAFERS 
RAW MATERIALS 
MASKS 


NEW PRODUCT DESIGNS 
AND CURRENT DESIGNS, 
NEW—CURRENT PROCESSES, 


NEW MATERIALS 


DOCUMENTATION OF: 
CHEMICALS, HARDWARE 
GASES, MASKS 


CHEMICALS, GASES, HARDWARE 


PROCESSES, DESIGNS, ETC. 


QUALITY ASSURANCE 
PROCUREMENT REVIEW QA IN-PROCESS 

VENDOR CONTROL 
INCOMING INSP. 


QA IN-PROCESS 


| RELIABILITY ENGINEERING 
DESIGN, INTRODUCTION 
(SEM) EVALUATION, FABRICATION 
QUALIFICATION 


METALIZATION 


PRODUCT ASSURANCE 
DOCUMENTATION CENTER 
PRODUCT-PROCESS 
AND PROCUREMENT SPECS. 


QA 
TOLLGATE 
INSP. 


___HYREL —— HERMETIC PKG. STANDARD 
[ STABILIZATION BAKE STABILIZATION BAKE 


TEMP. CYCLE | TEMP. CYCLE 
CENTRIFUGE QA AUDIT CENTRIFUGE 
GROSS LEAK, FINE LEAK GROSS LEAK, FINE LEAK 


100% ELECTRICAL TEST 


BRANDING QA AUDIT 


QAR ACCEPTANCE 
INSPECTION 


QUALIFICATION 
MIL—STD—883 | OF CONFORMANCE 
METHOD 5004.3 MIL-STD-883 


OR CUSTOMER REQ. METHOD 5005.3 OR 
CUSTOMERS REQ. 


QA AUDIT PACK 
SHIP STOCK 


GENERAL INFORMATION (Cont'd) 


100% VISUAL QA IN PROCESS 100% VISUAL 
INSPECTION AUDIT INSPECTION 


QA A 
PROBE, SCRIBE DIE ATTACH 0 
SORT 1 a WIRE BOND PRE-CAP PRE-CAP 
SEAL 
MOLD 
OA 
AUDIT 


PLASTIC PKG. 


100% TEMP. CYCLING 


100% 
QA AUDIT OPEN/SHORT 
ELECTRICAL 
RELIABILITY 

AUDIT 


100% ELECTRICAL TEST ln hae 


QA AUDIT BRANDING 


QAR ACCEPTANCE artes eaare EE 


INSPECTION 


PRODUCTION/QA FLOW CHART 


INTERCHANGEABILITY GUIDE 


GENERAL INFORMATION (Cont'd) 


The suggested Sprague replacement devices are based on similarity as shown in currently published data. Exact 
replacement in all applications is not guaranteed and the user should compare the specifications of the original 
and recommended equivalent. 


Use 
To Sprague 
Replace Type 
DIONICS 
DI302 UDN-7184* 
DI502 UDN-6144 
DI507 UDN-6164 
DI509 UDN-6116* 
DI512 UDN-6184 
DI514 UDN-6118* 
EXAR 
XR2001 ULN-2001 
XR2002 ULN-2002 
XR2003 ULN-2003 
XR2201 ULN-2001 
XR2202 ULN-2002 
XR2203 ULN-2003 
XR2204 ULN-2004 
FAIRCHILD 
FPQ— TPQ— 
pA741 ULN-2151 
pA3045 ULS-2045 
pA3046 ULN-2046 
pA3054 ULN-2054 
yA3086 ULN-2086 
9665 ULN-2001 
9666 ULN-2002 
9667 ULN-2003 
9668 ULN-2004 
ITT 
512 UHP-491 
552 ULN-2001 
554 ULN-2002 
556 ULN-2003 
652 ULN-2001 
654 ULN-2002 
656 ULN-2003 


To 
Replace 


Use 
Sprague 
Type 


MOTOROLA 


MC1411 
MC1412 
MC1413 
MC1439 
MC1471 
MC1472 


MC1473 — 


MC1474 
MC1539 
MC1741 
MPQ— 


LM741 

LM3611 
LM3612 
LM3613 
LM3614 


SL3045 
SL3046 
SL3054 
SL3081 
SL3082 
SL3083 
SL3086 
SL3145 
SL3146 
SL3183 


RC4136 
RC4236 
RC4336 
RC4436 


ULN-2001 
ULN-2002 
ULN-2003 
ULN-2139 
UDN-5711 
UDN-5712 
UDN-5713 
UDN-5714 
ULS-2139 
ULN-2151 
TPQ— 


ULN-2151 
UDN-3611 
UDN-3612 
UDN-3613 
UDN-3614 


ULS-2045 
ULN-2046 
ULN-2054 
ULN-2081 
ULN-2082 
ULN-2083 
ULN-2086 
ULS-2045 


ULN-2046-1 
ULN-2083-1 


ULN-2151 
ULN-4136 
ULN-4236 
ULN-4336 
ULN-4436 
ULS-2151 


To 
Replace 


CA3045 
CA3046 
CA3054 
CA3081 
CA3082 
CA3083 
CA3086 
CA3146 
CA3183 


PBD352301 
PBD352302 
PBD352303 


TBA221 


Use 
Sprague 
Type 


ULS-2045 
ULN-2046 
ULN-2054 
ULN-2081 
ULN-2082 
ULN-2083 
ULN-2086 
ULN-2046-1 
ULN-2083-1 


ULN-2001 
ULN-2002 
ULN-2003 


ULN-2001 
ULN-2002 
ULN-2003 


ULN-2151 


SIGNETICS 


NE584-8 
NE585-6 


$G2001 
$G2002 
$G2003 
$G2004 
$G3081 


UDN-7180* 
UDN-6164* 


SILICON GENERAL 


ULN-2001 
ULN-2002 
ULN-2003 
ULN-2004 
ULN-2081 


To 
Replace 


Use 
Sprague 
Type 


SILICON GENERAL 


(Cont.) 
$G3082 ULN-2082 
$63086 ULN-2086 
$63217 ULN-2151 
$63821) ULS-2045 
SG3821N ULN-2046 
$63822 ULN-2054 
$63886 ULN-2086 
TEXAS 

INSTRUMENTS 
SN52741 ULS-2151 
SN72741 ULN-2151 
SN75451 UDN-3611** 
SN75452 UDN-3612** 
SN75453 UDN-3613** 
SN75454 UDN-3614** 
SN75461 UDN-3611** 
SN75462 UDN-3612** 
SN75463 UDN-3613** 
SN75464 UDN-3614** 
SN75466 ULN-2021 
SN75467 ULN-2022 
SN75468 ULN-2023 
SN75469 ULN-2024 
SN75471 UDN-3611** 
SN75472 UDN-3612°* 
SN75473 UDN-3613** 
SN75474 UDN-3614** 
SN75476 UDN-5711 
SN75477 UDN-5712 
SN75478 UDN-5713 
SN75479 UDN-5714 


* Suggested replacement devices contain pull-down resistors or OFF-bias references. Other devices within the same Sprague series 
indicated may be more suitable for specific applications. 


** Some differences in specified switching speed with the Sprague device being superior for use with inductive 


loads. 
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GENERAL INFORMATION, INDEX TO ALL DEVICES, 
INTERCHANGEABILITY GUIDE, HOW TO PLACE AN ORDER 
POWER/ PERIPHERAL DRIVERS 

DUALS AND QUADS TO 120V or 1.5A 


i 


HIGH-VOLTAGE DISPLAY DRIVERS 
— 120 V to +130 V, 5 to 8 Drivers 


HIGH-CURRENT DARLINGTON AND TRANSISTOR ARRAYS 
TOI.SA 


| 


MOS AND BIMOS CIRCUITS 


SPECIAL CIRCUITS 
CUSTOM PACKAGING 


APPLICATIONS INFORMATION, PACKAGE DRAWINGS, 
THERMAL CHARACTERISTICS 
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Device Type Data Applications Thermal 
en en ee ee 


UHC-400 thru 433-1 2-8 4D 


UHD-400 thru 433-1 2-8 4B 
UHP-400 thru 433-1 2-2 7-15 1B 
UHC-500 thru 533 2-8 4D 
UHD-500 thru 533 2-8 4B 
UHP-500 thru 533 2-2 7-7, 16 1B 
UDN-2540B 2-13 2 

UDS-3611 thru 3614H 2-14 4C 
UDN-3611 thru 3614M 2-19 7-21 1C 
UDN-5703 thru 5707A 2-23 7-2, 19 1B 
UDS-5703 thru 5707H 2-27 4B 
UDN-5711 thru 5714M 2-32 7-19 1C 
UDN-5733A 2-26 1B 
UDS-5733H 2-30 4B 
UDS-5790 and 5791H 2-37 4B 

eee eee on eee ee AE ee a Pe. 

Device Type lout Vout Outputs 
UH( }-400 thru 433 500 mA 40 V Sink 4 
UH( }-400-1 thru 433-1 500 mA 70V Sink 4 
UH( 500 thru 533 500 mA 100 V Sink 4 
UDN-2540B 15 A 60 V Sink 4 
UD( +3611 thru 3614H/M 600 mA 80 V Sink 2 
UD( 5703 thru 5707A/H 600 mA 80 V Sink 4 
UDN-5711 thru 5714M 600 mA 80 V Sink 2 
UD( )-5733A/H 600 mA 80 V Sink 4 
UDS-5790 and 5791H 500 mA 120 V Sink 4 


SERIES UHP-400, UHP-400-1, & UHP-500 


SERIES UHP-400, UHP-400-1, & UHP-500 
POWER and RELAY DRIVERS 
— PLASTIC ENCASED 


FEATURES 


@ Inputs Compatible with DTL/TTL 

@ 500mA Output Sink Current Capability 

e@ Pinning Compatible with 54/74 Logic Series 

@ Transient Protected Outputs on Relay Drivers 

e High Voltage Output - 100V Series UHP-500, 70V Series 
UHP-400-1, 40V Series UHP-400 


Description 


These power and relay drivers are bi-polar monolithic circuits and incorpor- 
ate logic gates and high-current switching transistors on the same chip. Each 
output transistor is capable of sinking 500mA in the ON state. In the OFF 
state, Series UHP-400 devices will sustain 40V, Series UHP-400-1 devices 
will sustain 70V, and Series UHP-500 devices will sustain 100V. 


Applications 


The UHP-400, UHP-400-1, and UHP-500 Series Power Drivers are ideally 
suited for driving incandescent lamps, relays, solenoids, and other interface 
devices with up to 1A output current per package. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vecsn%......0.. 2 OR er eae Sa. WN See ae 
[input Voltage, VS iakee sin re «aus as MIR ae Scent eo eins, ANNES (ne ee 


Output Off-state Voltage, Vor: 


Series HP-A00Ss fees fe ee ee ee ee ee ne 


Output On-StateSink CUrrentHoe o 2c02 2 ae eee ne 


Suppression Diode Off-State Voltage, Vor. 


Series: VHP=400. ee, Bee Rae, os Se Ree cee RPA 3 >A 


series: UHP-500 septate ok. fat ote eee gee gee 9 ea ae 
suppression:Diode On-state Current, |. .c2 cies cee en ee ee 
Operating Free-Air Temperature Range, Ty 2. vic. tee ee eee eee 
slorage- Temperature: Rangey Te oct 0 sac <a ee ae cere eae eee 
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UHP-400/400-1/500 UHP-402/402-1/502 
Quad 2 AND Quad 2 OR 


UHP-403/403-1/503 UHP-406/406-1/506 
Quad OR Quad AND 


UHP-407/407-1/507 UHP-408/408-1/508 
Quad NAND Quad 2 NAND 


UHP-432/432-1/532 UHP-433/433-1/533 
Quad 2 NOR Quad NOR 


1. MOND. bee: O0t a oon ea 9.0V 


LAibabev ont sade on 500mA 


£ ae sehen eee 0°C to +70°C 
cbs Sarees —65°C to +150°C 


SERIES UHP-400, UHP-400-1, & UHP-500 (Cont'd) 


RECOMMENDED OPERATING CONDITIONS 


Min. Nom. Max. Units 
Supply Voltage (Vcc): 4.75 5.0 520 V 
Operating Temperature Range 0 +25 +/0 
Current into any output (ON state) 250 mA 


ELECTRICAL CHARACTERISTICS: 
(over operating temperature range unless otherwise noted) 


Test Conditions 


Driven Other 
Characteristic Symbol Temp. Vec Input Input Output | Min. Typ. Max. 


"4" Input Voltage 
“0” Input Voltage Vin(o MIN ae ae 


except Strobe nO MAX 0.4V 4.5V —0.55 —0.8 
“OQ” Input Current at Strobe | lino) _| MAX  04V.4.5V silly eae 


“1"" Input Current at all Inputs MAX 2.4V OV 
except Strobe MAX 5.5V OV l 
lin(1 MAX _2.4V__OV 
MAX 55V__OV Fe era Tad rah came 


Min. Typ. Max. Notes 


INPUT PULSE CHARACTERISTICS 


Vin(o) = OV tp = lus 


Turn-on Delay Time 
Series UHP-400 
Series UHP-400-1 
Series UHP-500 
Turn-off Delay Time 
Series UHP-400 
Series UHP-400-1 
Series UHP-500 


Vs = 40V, Rp = 2652 (6 Watts) 
Vs = 70V, Rt = 4652 (10 Watts) 
Vs = 100V, Rp = 670 (15 Watts) 
CL=15pF 
Vs = 40V, Ri = 2652 (6 Watts) 
Vs = J0V, Rp = 46522 (10 Watts) 
Vs = 100V, Rt = 6702 (15 Watts) 

CL=15pF 


NOTES: 


1. Typical values are at Vcc = 5.0V, Ta = 25°C. 

2. Each input tested separately. ' 

3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 
4. Capacitance values specified include probe and test fixture capacitance. 


Vintt) = 3.5V PRR = 500kHz 


SERIES UHP-400, UHP-400-1, & UHP-500 (Cont'd) 


Type UHP-400, UHP-400-1, and UHP-500 Quad 2-Input AND Power Drivers 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 
Driven Other 
Characteristic Symbol Temp. Input Input | Output 


“1” Output Reverse Current 
Type UHP-400 


“1” Output Reverse Current 
Type UHP-400-1 
eve 


“1” Output Reverse Current 
Type UHP-500 


Vee 
“T'" Level Supply Current 


“0’’ Level Supply Current 


OUT- 


Be ce 
t Ry ] 
1 ! 
! | 
1 | 
y | 

PULSE ; : 

GENERATOR ! 1 
! 15pF | 
' r Fe Natl) 
| | (Note 3) 
\ OUTPUT 50% 50% 

—— Si Ga 
= = = aN War LOAD 1 V 

1 CIRCUIT | out (0) 
& 


DWG. NO. tte 


OWG. No. A-7628C 


Notes 


OWG. NOL &.7606 


Type UHP-402, UHP-402-1, and UHP-502 Quad 2-Input OR Power Drivers 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 
Driven Other 
Characteristic Symbol Temp. Input Input Output 


“1” Output Reverse Current 
Type UHP-402 


“1” Output Reverse Current 
Type UHP-402-1 
“1” Output Reverse Current 
Type UHP-502 wt 
“0” Output Voltage rpm t8 
Bisatieeaisd Waal ood 
X 
ae 


“1” Level Supply Current 
“0” Level Supply Current lcc(o) 


OUT- 


INPUT Vcc=5V. PUT Vs = Se tee 


-i---—------V, 


in(1) 


----4 
1 
' RL \ 
PULSE ; | jo— feel eiaces Vin(0) 
GENERATOR 
l 
| | 
: ted) = —p-*-—— >_>} tpdo 
\ 15pF | | | | ¥ 
‘olin ice = Vout} 
| T ) 
= Te oS S = | LOAD a / 
| ~circuIT ' Vout (0) 


OWG. NO. A-7877B 


NOTES: 
1. Typical values are at Vcc = 5.0V, Ta = 25°C. 
2. Each gate. 
3. Capacitance values specified include probe and test fixture capacitance. 
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OWG. No. A-7628C 


SERIES UHP-400, UHP-400-1, & UHP-500 (Cont'd) 


Type UHP-403, UHP-403-1, and UHP-503 Quad OR Relay Drivers 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Res Conditions imi 
Driven Other 
Characteristic Symbol Temp. Input Input Output Max. | Units 


“1’’ Output Reverse Current 
Type UHP-403 


“1” Output Reverse Current 
Type UHP-403-1 loft 


| Lh ae 
100V 
a 150m 


[o3v | 
can ce OPEN 


A 

A 
Sar 
Pat 


MIN 


“1’’ Output Reverse Current 

Type UHP-503 

“0” Output Voltage 

Diode Leakage Current —— 


ee 
lik 
Diode Forward Voltage Drop 
“1” Level Supply Current 
“0” Level Supply Current 


are 
- NOM | 
| NOM | yOu | SPV ea aa 


INPUT YCC-5V. OPEN OUTPUT Vs 


INPUT 


Vin(0) 


15 pF 


i 5) 


=LOAD 
; CIRCUIT 


' 
i] 
| 
1 
1 
1 
' 
1 
! 


Vout (0) 


OWG. No, A-7628C 


Jao. NO. A-9I2SA 


Type UHP-406, UHP-406-1, and UHP-506 Quad AND Relay Drivers 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 
Symbol 


Driven Other 
Temp. Input Input | Output | Min Typ. Max. | Units 


w | wv 0 
OV 70V 


Characteristic 
“1” Output Reverse Current 
Type UHP-406 


loft 
“1” Output Reverse Current 
Type UHP-406-1 lott 


“1” Output Reverse Current 
Type UHP-506 lott 


Fa 
(2) 


MING S0SViel Vea 250mA| a Oe 
nom ov [ov | oren | 
NOMS] Vee] Vcc] 
iL ee 


Vin(0) 


ell a pee or ted. 


; =~ - — --Vout(1) 
‘ ) OUTPUT 50% 50% 
= LOAD | ————__ eee 


15pF 


(Note 5 


EIRGUUTae t OWG. Wo. A-7628C 
eae ef 
vWG. 40. ‘ A 
NOTES: 
1. Typical values are at Vcc = 5.0V, Ta = 25°C. 
2. Each gate. 
3. Diode leakage current measured at Vp = Voft(min)- 2-5 
4. Diode forward voltage drop measured at I¢ = 200mA. 3 
5. Capacitance values specified include probe and test fixture capacitance. 


SERIES UHP-400, UHP-400-1, & UHP-500 (Cont'd) 


Type UHP-407, UHP-407-1, and UHP-507 Quad NAND Relay Drivers 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 
Symbol 
fi Output Reverse Current; 


pe UHP-407-1 ean 


off 
fe Output Reverse Current 
Type UHP-507 loft 
“0” Output Voltage 


are 0 

nade Faward Vlogs Dig | ov NOME] ORES Te [Oye te 
om_|_MA aa eat | 
0 RMA 


Characteristic 


“1” Output Reverse Current 
Type UHP-407 


“L" Level Supply Current 
“0” Level Supply Current 


INPUT 


90% 
50% 


INPUT 


2.4V VCC=5V CPENS 
PULSE 
GENERATOR 


\ 
| 
| 15pF out(1) 
1 
i baw: OUTPUT 
\ 

= = > > = LOAD PRRs) tag 5, AY, 
1 CIRCUIT our(0) 
(eee sen ah OWG. NO. A-7900A 


Type UHP-408, UHP-408-1, and UHP-508 Quad 2-Input NAND Power Drivers 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Bis Conditions omen cinits aa 
Driven Other 
Symbol Temp. Input Input Output Units Notes 


mene 
loft 
ct 

eg 


Characteristic 


“1” Output Reverse Current 
Type UHP-408 

“1” Output Reverse Current 
Type UHP-408-1 


“L"’ Output Reverse Current jum | 
Type UHP-508 MIN 0.8V wane 100V 20 
0" Output Voltage 150mA 0.5 
| 250mA 0.7 
“1” Level Supply Current leci1) NOM MAX a 6 75 
“0” Level Supply Current lec(o) NOM | MAX : a OV BRA 20 
OuT- 
INPUT 2.4V vec 5V PUT 


2 0Vae 
2.0 
0 
s) 


OUTPUT 


= perenne out(0) 


OWG. NO. A-7900A 


NOTES: 
1. Typical values are at Vec = 5.0V, Ta = 29°C. 
2. Each gate. 
3. Capacitance values specified include probe and test fixture capacitance. 
4. Diode leakage current measured at Ve = Voff(min) 
5. Diode forward voltage drop measured at l¢ = 200mA. 2-6 


SERIES UHP-400, UHP-400-1, & UHP-500 (Cont'd) 


Type UHP-432, UHP-432-1, and UHP-532 Quad 2-Input NOR Power Drivers 
FLECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 
Driven Other 
Symbol Temp. Vec Input Input Output Min. Typ. Max. | Units Notes 
“1” Output Reverse Current 
Type UHP-432 MIN 0.8V 0.8V 40V 50 pA 


“1"’ Output Reverse Current 
Type UHP-432-1 lott MIN 038V | 08v | 70V 50 a) 
Et w | oav | 100 hl bee 


Characteristic 


8 
“1” Output Reverse Current eel Lun | 

Type UHP-532 loft 0.8 
win Zov_|— ov | 150m 
a es aa 0.7 

5.0 
“1” Level Supply Current MAX 


CuUT- 
INPUT Vcc=5V_ PUT Vs t + jeot—ty 
Oo : Tete en RR SS is a Vv. 
a (ee \ 0% 90% TK | in()) 
1 INPUT | 
eH Vf 50% 50% "hi 
i ' 
10% 10% 
| ; ke— it Vin(0) 
| 1 ' 1 
| tpdO ———— el 
| | Vout(1) 
- 15pF | \ - 
1 %e 
| ii si) OUTPUT ie 
\ 
= SS = ae LOAD . AT Stout) 
[ CIRCUIT | DWG. NO. A-7900A 


DWG. 10. A-7902A 


Type UHP-433, UHP-433-1, and UHP-533 Quad NOR Relay Drivers 
FLECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 

Driven Other 

Symbol Temp. Vcc Input Input Output 
“1’" Output Reverse Current 

Type UHP-433 loft MIN 0 


Limits 


Min. Typ. Max. | Units Notes 
100 
100 


Characteristic 


“I” Output Reverse Current eiges | pete ebetesdasvsbica| 
Type UHP-433-1 loft MIN 0.8V 
“1” Output Reverse Current Hf ee fos eal 
Type UHP-533 lott MIN 0.8V 
N 4 
N MAX | OV 1,2 
5V eZ 


INPUT Vec=5v OPEN OUTPUT = Vs 
A a ae 
i 
Ti 
! 
| 
1 
' 
' 
1 ' 
i ' 
; 15pF | 
1 Se: 
| 
y = = = = : OUTPUT 
“LOAD ! ie 
, circuit} ee ee ae ae Vial) 
MusiNOs Asolesa DWG. NO. A-7900A 
NOTES: 
1. Typical values are at Vcc = 5.0, Ta = 25°C. 


2. Each gate. 

3. Diode leakage current measured at Vp = Vof(min)- 

4. Diode forward voltage drop measured at I¢ = 200mA. 

5. Capacitance values specified include probe and test fixture capacitance. 


SERIES UHC- and UHD-400, 400-1 & 500 


SERIES UHC- and UHD-400, 400-1, & 500 
POWER and RELAY DRIVERS 
— HERMETICALLY-SEALED 


FEATURES 


e@ 500mA Output Sink Current Capability 

@ DIL/TTL Compatible Inputs 

@ Transient Protected Outputs on Relay Drivers 

@ High Voltage Output - 100V Series 500, 70V Series 400-1, and 40V Series 400 
@ Hermetically-Sealed Packages to MIL-M-38510 

@ High-Reliability Screening to MIL-STD-883, Class B 


Description 


These Series 400, 400-1, and 500 hermetically-sealed power and relay drivers 
are bi-polar monolithic circuits incorporating both logic gates and high- 
current switching transistors on the same chip. Each device contains four 
drivers capable of sinking 500mA in the ON state. In the OFF state, Series 
400 devices will sustain 40V, Series 400-1 devices will sustain 70V, and Series 
500 devices will sustain 100V. 


All devices are available in either a 14-pin hermetic flat-pack package (Types 
UHC-) or a 14-pin hermetic dual in-line package (Types UHD-). These 
packages conform to the dimensional requirements of Military Specification 
MIL-M-38510 and meet all of the processing and environmental requirements 
of Military Standard MIL-STD-883, Method 5004 and 5005. These devices 
are also furnished in a plastic 14-pin dual in-line package (Types UHP-) for 
operation over a limited temperature range. 


Applications 


The UHC- and UHD.- Series 400, 400-1, and 500 power and relay drivers are 
ideally suited for driving incandescent lamps, relays, solenoids, and other 
interface devices with up to 1A output current per package. Hermetic seal- 
ing and an operating temperature range of —55°C to +125°C recommend 
them for military and aerospace applications as well as commercial and in- 
dustrial control applications where severe environments may be encountered. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Veow wot: B pretee ca thee te ene) ere eee 
i DILEPP ORC MONIC. Soko. doe (ean Cu ahd os cuter ahes kaa ng etene ane aee 


Output Off-state Voltage, Vor: 


Séries UHC-400°andruHD-400,..). =.= 4 => = + <4, eeembeene bo, oe ee oe 


OatantGrsiate prime owrental See ee 2, a le ee ee 


Suppression Diode Off-State Voltage, Vor. 


SerieNUHG=200vandae HD *400 acu cece os vo ac. ae eee 
Series UhHo-d00en apa-eHD-400-).28 oo A hss see eee ee 
SERCO OOM OI Ds OU coe kta lars. so «os wrartawle slglahe eR ge 
Suppressronsiocemen=siate Current, be one. 2s. ee acs uaten pew es gee ws argu ee nee gee 
Operatiig Free-Air- Temperatiive Range. Tee 2. ae 2 ee 
Storage Temperature Range, Ts.............. MTC ets a Sieh Se nn ye 2 |! aA. 


at 


UHC-400/400-1/500  UHC-402/402-1/502 
UHD-400/400-1/500  UHD-402/402-1/502 


ae 


UHC-403/403-1/ 503 UHC-406/406- 1/506 
UHD-403/403-1/503, UHD-406/406-1/506 


ec SF 


'UHC-407 /407-1/507. UHC-408/408-1/508 
UHD-407/407-1/507 UHD-408/408-1/508 


= 


UHC-432/432-1/532  UHC-433/433-1/533 
UHD-432/432-1/532 UHD-433/433-1/533 


ae yc fre i 9.9V 


Sie pues e eat a ae 900mA 


OS Nae) eee —55°C to +125°C 
pd Sa lesan —65°C to +150°C 


SERIES UHC- and UHD-400, 400-1 & 500 (Cont'd) 
a a EP ee ed a a ER a A cs, Ro DE ORE a RRL Ne ACO RR LER Ade ad ON MT TE TS 


RECOMMENDED OPERATING CONDITIONS 


Min. Nom. Max. Units 
Supply Voltage (Vcc): 4.5 5.0 5.5 V 
Operating Temperature Range —55 +25 +125 
Current into any output (ON state) 250 mA 


STATIC ELECTRICAL CHARACTERISTICS: (over operating temperature range unless 
otherwise noted) 


Test Conditions Limits 


Characteristic 
baie 
Pavia dow | 

“0” Input Current at all Inputs 
except Strobe 
lito : 
“1 Input Current at all Inputs | lint) PP epAT pp er | 
except Strobe 
“1” Input Current at Strobe FA en egy 
ae slo 
“1” Output Reverse Current an 
Series 400 lott A 
Series 400-1 eal tRS te | 
Series 500 EA 
“0” Output Voltage ve | Pon 5 
A ee 
mee 
ea Vineae ib | 
Diode Leakage Current 
Vo 
“0” Level Supply Current 
NOTES: 
1. Each input. 
2. Typical values are at Vcc = 5.0V, Ta = 25°C. 
3. Measured at Ve = Vott(min). 
4. Measured at I¢ = 200mA. 
5. Each gate. 
6. Input test conditions are listed in Table IV. 
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SERIES UHC- and UHD-400, 400-1 & 500 (Cont'd) 


Table IV 
INPUT CONDITIONS FOR OUTPUT CHARACTERISTIC MEASUREMENTS 


“1’’ Output Reverse 0” Output Voltage “1” Level Supply “0” Level Supply 
Current (lot) (Von) Current (lcci) ) Current (lee , 
Driven Other Driven Other Driven Other Driven Other 
Type UHC- or UHD- Input Input Input Input Input Input Input Input 
400, 400-1, 500 OV 
402, 402-1, 502 OV 


403, 403-1, 503 
406, 406-1, 506 
407, 407-1, 507 
408, 408-1, 508 
432, 432-1, 532 
433, 433-1, 533 


SWITCHING CHARACTERISTICS: Vcc = 5.0V, Ta = 25°C 


Characteristic Symbol Test Conditions Min. Typ. : | 
Turn-on Delay Time tpdo 
Series 400 Vs = 40V, Rp = 265 (6 Watts) 
Series 400-1 Vs = 70V, Rt = 4652 (10 Watts) 
Series 500 Vs = 100V, Ry = 6702 (15 Watts) 200 500 
Turn-off Delay Time 
300 750 


Limits 


Series 400 Vs = 40V, Rt = 2652 (6 Watts) 
Series 400-1 Vs = 70V, Rt = 4652 (10 Watts) 
Series 500 Vs = 100V, Ry = 6700 (15 Watts) 


Typical Switching Test Circuit 


INPUT 2.44 VCC 5V oper. puT™ Vs 
Oo 9 ? Y y 


Vin(0) 


tp fe ——l aT ra 


i 

‘onal . Vout(1) 
1 1 

| OUTPUT at Os 

oe fOAD | 

i 

= 


PULSE 
GENERATOR 


= + HS OVE HG 


DOWG. NO. A-7900A 


U 


THERMAL DATA 
Thermal Resistance, Junction to Case, 6;. Paar ee | 
Thermal Resistance, Junction to Free Air, 0;, 


UD: 
65 °C/Watt 
aa) °C/Watt 
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SERIES UHC- and UHD-400, 400-1 & 500 (Cont'd) 


Device Pinning 


UHC-400 UHC-402 UHC-403 UHC-406 
UHC-400-1 UHC-402-1 UHC-403-1 UHC-406-1 
UHC-502 UHC-503 UHC-506 


UHC-408 HC-43 UHC-433 
UHC-408-1 ~432- UHC-433-1 
UHC-508 UHC-533 


UHD-406 
UHD-406-1 
UHD-506 


UHD-408 UHD-432 UHD-433 
UHD-408-1 UHD-432-1 UHD-433-1 
UHD-508 UHD-532 UHD-533 


SERIES UHC- and UHD-400, 400-1, & 500 (Cont'd) 


POWER DRIVERS WITH MIL-STD-883 
HIGH-RELIABILITY SCREENING 


Power drivers with high-reliability screening can be ordered by adding the suffix ““MIL”’ to the part number, for 
example, UHD-400MIL. If marking with the customers part number is necessary in place of the Sprague Elec- 
tric part number, this must be stated on the purchase order with the marking desired. 


Table | — 100% Production Screen Tests (All Hermetic Parts) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.1 thru 3.1.6 


MIL-STD-883 
Screen Test Method Conditions 
Internal Visual 2010, Cond. B os 
Stabilization Bake 1008, Cond. C 150°C, 24 Hours 
Thermal Shock 1011, Cond. A 0 to 100°C, 15 Cycles 
Constant Acceleration 2001, Cond. E 30,000 G’s, Y1 Plane 
Fine Seal 1014, Cond. A 5 x 10-7 Maximum 
Gross Seal 1014, Cond. C a 
Electrical _ Per Eng. Bull. 29300.1 
Marking — Sprague or customer part number, date code, lot identifica- 


tion, index point 


Table Il — 100% High-Reliability Screening (‘‘MIL” Suffix Parts Only) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.9 thru 3.1.15 and 3.1.18 


MIL-STD-883 
Screen Test Method Conditions 
Interim Electrical 5005, Gp A, Subgp 1 25°C per Eng. Bull. 29300.1 
Burn-In . 1015, Cond. A 125°C, 160 Hours 
Static Electrical 5005, Gp A, Subgp 1 25°C per Eng. Bull. 29300.1 
5005, Gp A, Subgp 2&3 —55° & +125°C per Eng. Bull. 29300.1 
Dynamic & Functional Electrical 5005, Gp A, Subgp 4,7 &9 25°C per Eng. Bull. 29300.1 
Fine Seal 1014, Cond. A 5 x 10°? Maximum 
Gross Seal 1014, Cond. C — 
External Visual 2009 — 
Table Ill — High-Reliability Qualification and Quality Conformance Inspection 


MIL-STD-883, Method 5004, Class B, Paragraph 3.1.17 


MIL-STD-883 
Test Test Method Description 
Group A Subgp. 1-4, 7 & 9 5005, Table | Each production lot 
Group B 5005, Table 11 Each production lot 
Group C 5005, Table III End points, Gp. A, Subgp. 1, every 90 days 
Group D 5005, Table IV End points, Gp. A, Subgp. 1, every 6 months 
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UDN-2540B QUAD NAND POWER DRIVER 


UDN-2540B QUAD NAND POWER DRIVER 


SPECIFICALLY DESIGNED for use in extremely 


harsh electrical environments, the UDN-2540B IN) OUT) 
quad NAND driver interfaces between low-level 
signal processing circuits and medium-power induc- me ms 
tive loads. The inputs are compatible with most Vec OUT? 
Piieoileatosl IL, 5 V to 15 V CMOS, and 
PMOS. The outputs include integral transient sup- ere odie a 
pression diodes for inductive loads such as relays, GROUND GROUND 
solenoids, d-c and stepping motors. These devices 
can also be used to drive incandescent or heater ie wee 
loads. IN3 Vs 
ABSOLUTE MAXIMUM RATINGS pee sas 
at 25°C Free-Air Temperature 
Output Voltage, Vout ede oo Prd tose efile valens © 60 V 
Output Sustaining Voltage, Vogsys) ----- 2 2-2-2 35 V 
TVD LIVGET (G20 Re a - cee oe ase 1L.5A 
I SUDMIN VeNage, Vers use wert eds oo oe cake 18 V 
Ce ar at RECOMMENDED OPERATING CONDITIONS 
Power Dissipation, Pp) (each driver)..................4. 2.5 W Supply Voltage Range, Vcc. .......+.+-.- +10.5.V to-+17.V 
Motal package) .. 2.0. eee se 2.77W* C 
S ¥ gllector CunentalCaag -ajadelenteat spane ver: <= 500 mA 
Operating Temperature Range, Ty .............. : C to reheat High-Level Input Voltage, VIN(I)......-.0s+0e00-- > 20V 
Storage Temperature Range, Ty ............ —55°C to +150°C Low-Level Input Voltage, VIN(Q)........0eeeveee- <04V 
*Derate at the rate of 22.2 mW/°C above 25°C. Output Diode Reverse Voltage, Vs................. <65V 


ELECTRICAL CHARACTERISTICS Over Operating Temperature Range And Vcc = 10 V to 15 V 
(Unless Otherwise Specified) 


Characteristic Symbol | Test Conditions 
le Output Reverse Current loge Vout = 50 V, Vin = 0.4 ¥; VENABLE = 2.0 V 
Vout = 50 V, Vin = 2.0 V, VENABLE = 0.4 V 
Output Sustaining Voltage Voesus) | lout = 50 mA, Vin = Venapue = 0.4 V = 
0’ Output Voltage lout = 500 mA Vin = VENABLE = 2.0 V 


Limits 


w 
uo 


lout = 1.0 A, Vin = Venapue = 2.0 V 


TV Seale 
ee ae mare ae (FE Nini) | ai OOD Yh 2 iad ama 
Pm Lene aetige | Kg) | PARNER Se re a] tel oe 
Niele MEM! 
ete 2 
neal 
lips 2CORIOAS Min Venanie =’ 20V)Vooses/152V 

70 


“0” Level Supply Current Vout = 50 V, Vin = VENABLE = 0.4 Vv; Ver =15V = 


Clamp Diode Forward Voltage Ve 
Clamp Diode Leakage Current ey Ve = 50 V, Vin = Venapie = 2.0 V, D, +D, or Dz +Dy 
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SERIES UDS-3600H 


SERIES UDS-3600H DUAL 2-INPUT 
PERIPHERAL and POWER DRIVERS 
— Hermetically-Sealed 


OWG. MO. A-9792 


Type UDS-3611H 
, Dual AND Driver 
© Four Logic Types 


© DTL/TTL/PMOS/CMOS Compatible Inputs 

@ Low Input Current 

© Sustaining Voltage of 80 V 

@ Hermetically Sealed Package 

@ High-Reliability Screening to MIL-STD-883, Class B 


Description 

These ‘‘mini-DIP’’ dual 2-input peripheral and power drivers are 
bi-polar monolithic integrated circuits incorporating AND, NAND, OR, Merten 
or NOR logic gates, and high-current switching transistors on the same Type UDS-3612H 
chip. The two output transistors are capable of simultaneously sinking Dual NAND Driver 


250 mA continuously at an ambient temperature of + 75°C. In the OFF 
State, these drivers will sustain at least 80 V. 


Applications 


The Series UDS-3600H dual drivers are ideally suited for interface 
between low-level or high-level logic and high-current/high-voltage 
loads. Typical applications include driving peripheral loads such as 
incandescent lamps, light-emitting diodes, memories, and heaters. 


With appropriate external diode transient suppression, the Series 


UDS-3600H drivers can also be used with inductive loads such as relays, mew Oe 
solenoids, and stepping motors. Similar devices with integral transient Type UDS-3613H 
suppression are also available, Dual OR Driver 


ABSOLUTE MAXIMUM RATINGS 


Supply"Voltage; Vee o> a ae ee eens an kee. Coa ee ee 7.0V 
Input Voltage; Vig. ces. -cowrrmegnpre gtr ore OP 30V 
Output. Off-StateVolta ge. Vif uke seeming 80 V 
Output, On-State Sink Current 12 owe 2 cnc ee 600 mA 
Suppression Diode*Off-stateVollages Vie nce ee ee 80 V 
Suppression Diode:On-State-Current, |,,...% 20,00: 1.0s00s+ ros cane 600 mA 
Power UISSIDAUIQNA Ry: 2.4 tee os Bek te ven Mame eas ccs ain oe 1.0 W 
PackageyroWer pissipalllc Pn @. 2s tet. orn asa eae cee See Graph 
Ambient Temperature Range (operating), Ty ...........0.e0e-. —55°C to +125°C a yPe OR Dunas 
Storage-Temperature-Ran geo] —fewioe-swvcieten esmreinemenmneoeey wttwty —65°C to +150°C 


2-14 


SERIES UDS-3600H (Cont'd) 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


TEMPERATURE IN °C 
OWG. NO. A-10.978 


RECOMMENDED OPERATING CONDITIONS 


In. om. aX. nits 
Supply Voltage (Voc) 4.5 5.0 55 V 
Operating Temperature Range —55 +25 +125 °C 
Current into any output (ON state) — 300 mA 


ELECTRICAL SS (over operating temperature range unless otherwise noted) 


Test Conditions 
Driven | Other 
Characteristic ae Temp. Input | Input Output ei aaa 


A 

PO Tapue Wage [Va | [A eae 

oT put Curent [Tao | | aac [ OAV av 

PT pat Curent [Too [| woe] av [ov ft 
Ves |Sees 


input Camp Vokage| Wi | [WN | Tema 
SWITCHING CHARACTERISTICS: Vec = 5.0V, Ty = 25°C 
Limits 
Ciaractesistic — Test Conditions = 
Turn-off Delay Time Area iz = mT, R, = 465 © (10 Watts) — 300 750 


NOTES: 
1. Typical values are at Voc = 5.0V, Ty = 25°C. INPUT PULSE CHARACTERISTICS 
2. Each input tested separately. 
3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. Vinio) = OV ae tp = lus 
4. Capacitance values specified include probe and test fixture capacitance. Vint) = 3-5V = PRR = 500kHz 
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SERIES UDS-3600H (Cont'd) 


Type UDS-3611H Dual AND Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature —_—— unless otherwise noted) 


a fee e221 [oe Test Conditions rae TSLinints |e a ee 

ene | vc |_ at | It | ouput | io ton | tits 
Characteristic Symbol | Temp.} Vee Input | Input | Output Units Notes 
T"Output Reverse Curent Tr | | WN | 2OV[ Zov [ov |= | AL _—C 
i eee 
“0” Output Voltage ee a La OK BC | 
Gemma ee e 
“T towel Supp Curent [Tom [WOM [ waX| “SOV[ SOv[ [80s | mil a2 


FOL Sopp Corent [ean [ROR | WRT OV POV [fm 


Vin(0) 


15pF \ 1 
(Note 3) ' i; in aw ovr) 
a OUTPUT 50% 50% 
LOAD 
ciRCUIT ! Vout (0) 
DO'G. NO. A- re OWG. No. A-7628C 


Type UDS-3612H Dual NAND Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


me Test Conditions PCIe ay | 

| nc | tt | ome fo wns] ss 

Characteristic Symbol | Temp.} Voc Input} Input | Output | Min Units Notes 

"TOutput Reverse Curent] ly |__| MIN| O8V] Vo | av | 100+ aA 

eae Le a tee sco [16 ea 

You [a ne | MIN doin 2.0.¥ [2.0] 1150.4 [bisa 04 1.0.5. | SEES eo 
Bes] MINA ike 2.0.V.1402.0, Vie] 0300. mnh | pal 0.612000 8 a | Sa 

Fa Level Supp Curent | tay [Now| wax| ov | ov | | 2 15 | ma [La 


[eet Suny amet [eon [OMT mB sor] SOME Pf mm 


OUT- 
INPUT 2.4V Vcc=5V PUT Vs 
) © 2 


SLi anaes ea 
t Ry ! 
! ! 
7 Vin(0) 
' 
PULSE | ’ i \ 
GENERATOR pas cee tis Steal " 
tS 1Sphewent | out(1) 
! i} 
(Note 3) |} 
| 
OUTPUT “th % 
4 4 4 
- 5 =; = LOAD 1 Be 2 ee ay 
1 CIRCUIT | elo 
oa =) OWG. WO. A-7900A 


OWG. No. A-963A 


NOTES: 
1. Typical values are at Voc = 5.0 V, Ty = 25°C. 
2. Per package. 
3. Capacitance values Specie’ include probe and test fixture capacitance. 
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SERIES UDS-3600H (Cont'd) 


Type UDS-3613H Dual OR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


| —___siTest Conditions Conditions PE init gies | 
rs eal eT Tas [mm [oe ae 
Characteristic Symbol | Temp. | Vec Input | Input | Output Notes 
Papo 
a aay a 

rears — pe ef a 

ETE EMINA PED BNE $0.8: VeH6200 mAs | OTRO SRE OST aes ee 
PT" Tevel Supe Curent [Toon [WOM [WX [SOV Sov [80 ma 
[OT Lael Supply Curent Tow | MOM [wR [OV [ov [ [| % 90 | m | iz] 


OUT- 
INPUT Vcc=5V PUT Vs 
© O 0 O 


Vin(O) 


| 
| 
| 
| 
| 
pF 
| 
| 
| 
| 
! 


| | | 'e' 
Ws 3) \ acai, -=Vout(1) 
4 tt st ere LOAD OUTPUT 50% a 
aud Vout (0) OWG. NO. &9795 


DWG. NO. A-7877B OWG. No. A-7628C 


Type UDS-3614H Dual NOR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


eee nee Test:Conditionstiiertiaee Conditions } ne——— Limits» aa 
ee ae Other 
Characteristic — Temp. | Voc Input | Input | Output acm — 


i a 
SS on 
CR GD TC CS A RT 
[azo ov | 300m [06 8 


et Sn Got Pew [ww [wr [ ov [ov PP es fa 
[oT Leve Sepp Curent [Tow | ROM | WARY SOV] SOW PY 


INPUT Vcc=5V. PUT Vs 


PULSE 
SSEINERATOR 


i 3) 
LCAD OUTPUT 


CIRCUIT 


| 
| 
| 
| 
| 
| 
15pF | 
| 
! 
| 
| 
\ 


DwG. NO. A-9942 


DwGu. NO. A-79004 


NOTES: 
1. Typical values are at Voc = 5.0 V, Ty = 25°C. 
2. Per package. 
3. Capacitance values specified include probe and test fixture capacitance. 


SERIES UDS-3600H (Cont'd) 


POWER DRIVERS WITH MIL-STD-883 
HIGH-RELIABILITY SCREENING 


Power drivers with high-reliability screening can be ordered by adding the suffix ‘MIL’ to the part number, for 
example, UDS-3611H-MIL. If marking with the customer’s part number is necessary in place of the Sprague 
Electric part number, this must be stated on the purchase order with the marking desired. 


Table | — 100% Production Screen Tests (All Hermetic Parts) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.1. thru 3.1.6 


MIL-STD-883 
Screen Test Method Conditions 
Internal Visual 2010, Cond. B — 
Stabilization Bake 1008, Cond. C 150°C, 24 Hours 
Thermal Shock 1011, Cond. A 0 to 100°C, 15 Cycles 
Constant Acceleration 2001, Cond. E 30,000 G’s, Y1 Plane 
Fine Seal 1014, Cond. A 5 x 107 Maximum 
Gross Seal 1014, Cond. C — 
Electrical — Per Specification 
Marking -— Sprague or customer part number, date code, lot identifica- 


tion, index point 


Table |] — 100% High-Reliability Screening (“MIL Suffix Parts Only) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.9 thru 3.1.15 & 3.1.18 


MIL-STD-883 
Screen Test Method Conditions 
Interim Electrical 5005, Gp A, Subgp 1 25°C per Specification 
Burn-in 1015, Cond. A 125°C, 160 Hours 
Static Electrical 5005, Gp A, Subgp 1 25°C per Specification 

5005, Gp A, Subgp 2&3 = —55°C & 4+125°C per Specification 
Dynamic & Functional Electrical 5005, Gp A, Subgp 4, 7 & 9 25°C per Specification 
Fine Seal 1014, Cond. A 5 x 10°” Maximum 
Gross Seal 1014, Cond. C — 
External Visual 2009 a 

Table Ill — High-Reliability Qualification and Quality Conformance Inspection 


MIL-STD-883, Method 5004, Class B, Paragraph 3.1.17 


MIL-STD-883 
Test Test Method Description 
Group A Subgp. 1-4, 7 & 9 5005, Table | Each production lot 
Group B 5005, Table Il Each production lot 
Group C 5005, Table Ill End points, Gp. A, Subgp. 1, every 90 days 
Group D 5005, Table IV End points, Gp. A, Subgp. 1, every 6 months 
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SERIES UDN-3600M 


SERIES UDN-3600M DUAL 2-INPUT 
PERIPHERAL and POWER DRIVERS 


FEATURES 


e Four Logic Types 

@ DIL/TTL/PMOS/CMOS Compatible Inputs 

e@ Low Input Current 

e@ 300 mA Continuous Output Current 

e@ Sustaining Voltage of 80 V 

@ Pin-for-Pin Replacement for Series LM3600N 

@ Pin-for-Pin Replacement for SN75451BP thru SN75454BP and 
75461 thru 75464 


Description 


These ‘“‘mini-DIP” dual 2-input peripheral and power drivers are bi-polar 
monolithic integrated circuits incorporating AND, NAND, OR, or NOR 
logic gates, and high-current switching transistors on the same chip. The 
two output transistors are capable of simultaneously sinking 300 mA con- 
tinuously at ambient temperatures of up to +70°C. In the OFF state, these 
drivers will sustain at least 80 V. 


Applications 


The Series UDN-3600M dual drivers are ideally suited for interface between 
low-level or high-level logic and high-current/high-voltage loads. Typical 
applications include driving peripheral loads such as incandescent lamps, 
light-emitting diodes, memories, heaters, and other non-inductive loads of 
up to 600 mA (both drivers in parallel). 

With appropriate external diode transient suppression, the Series UDN- 
3600M drivers can also be used with inductive loads such as relays, solenoids, 
and stepping motors. Similar devices with integral transient suppression are 
the series UDN-5700M. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vec..... eh RB Te Feces, MIDE Wouerg. Marty ot Lom 70 V 
PU REROCE CME RTINY, Wis ae es henge wc Aegys b ts ss ggg eee 30 V 
Peete VOltAge, Verona ole ook Suse aur. ocalsgapareene lc. ~~ 80V 
aeoemesiate sink Current, 1%. ..........05..;-.0.+.fee-. oe §....600mA 
Suporession Diode Off-State Voltage, Vig)... .. eves wl wea. coon ON 80 V 
Suppression piode On-State Current, Ion... 2... 20 cep cee ee cee dene 600 mA 
Operating Free-Air Temperature Range, T,..... wey x. 0°C to -+/0°C 
Storage Temperature Range, Ts........... ee wee. eau 104-1500 
MM IAHON EL RS oy aie Hs sae Se im ein Ge eo Ne sk os oh 15 W 

eT VCC hfe a EPR Nas Sinis apie Sac egete PS aerate bard Soaudne 0.8 W 

ETAT FACIL ADOVE 25°. 5 te Be Pe as irs ne es 12.5 mW/°C or 80°C/W 
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OWG. WO. A-0792 


Type UDN-3611M 
Dual AND Driver 


DwG. WO. A-9793 
Type UDN-3612M 
Dual NAND Driver 


OwG. WO. &9795 
Type UDN-3613M 
Dual OR Driver 


OwG. MO. A-9794 


Type UDN-3614M 
Dual NOR Driver 


SERIES UDN-3600M (Cont'd) ; 
CRESSLER EL TO LE SLI SS A SD a 


NOTES: 
Li 
g: 
3: 
4. Capacitance values specified include probe and test fixture capacitance. 


RECOMMENDED OPERATING CONDITIONS 


Min. Nom. Max. Units 
Supply Voltage (Vcc): 4.79 9.0 5.25 V 
Operating Temperature Range 3 +70 A 
Current into any outpu state 300 mA 


ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions . .- olinits*) 
Driven Other 
Characteristic — Temp. Input Input Output Min. Typ. Max Units Notes 


“T’’ Input Voltage 


2.0 


ala IS NS 
"OT nput Vola a 
ar npc le | Wa GA Ys a ane 
Tr Taput Curent [war [WAX OV OV 
[put amp volase]vi [WIN Tema 


SWITCHING CHARACTERISTICS: Vcc = 5.0V, Ta = 25°C 


Characteristic Test Conditions i Notes 


Turn-on Delay Hite fpan.) Vs = J0V, Ry = 465% (10 Watts) 
Cy = 15 pF 

Turn-off Delay mii au tod) Vs = J0V, Rt = 465 (10 Watts) 
Cy = HG pF 


Typical values are at Vcc = 5.0V, Ta = 25°C. 
Each input tested separately. 
Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 
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SERIES UDN-3600M (Cont'd) 


Type UDN-3611M Dual AND Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 
Driven Other 
Symbol Temp. Cc Input Input} Output Min. Typ. Max. | Units Notes 
“1” Output Reverse Current Pia 
“0” Output Voltage 
[MIN [O08V [Vcc | 300mA 05 Od 


Vic 
Twin | 20v | 20v[ mov [190 [aa 1 
a0V 2 
i 


Characteristic 


—— 
a BC A A EE 
Pr ae 


1 
' 
1 
1 
| 
PULSE 
GENERATOR 
15pF 1 

1 

i} 

| 

! 

' 


= LOAD 


1 hrieaies --Vout(1) 
OUTPUT feos 50% \ 
Vout (0) 


OG. NO. A-7876D0 OWG. No. A-7628C 


Type UDN-3612M Dual NAND Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 
; Driven 
Characteristic Symbol Temp. Vec Input Units Notes 
1" Output Reverse Current perme 
be 


ama erefeati | | 
“0” Output Voltage | Yer fF 

oben | : ale 19 

“1” Level Supply Current J lcci) | NOM | ES Gi 


OUT- 
4 — 
«ase aoe VECpM PUT V5 t, bop poot—ty 
= ay 
! 
Ry | 
! 
| 
| 
| 
| 
\ 
15pF ; 
(Note 3) | 
' OUTPUT 
| 
= LOAD 1 St Fe a (0) OWG. NO. A~9793 
CIRCUIT ! 
CSRS SS 4 OWG. NO. A-7900A 


ONG. No. A-963K 


NOTES: 


1. Typical values are at Vec = 5.0 V, Ta = 25°C. 
2. Per package 


3. Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDN-3600M (Cont'd) 


Type UDN-3613M Dual OR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 


Characteristic 


“1" Output Reverse Current ee. 


“0” Output Voltage Wee 


“1' Level Supply Current 
“Q" Level Supply Current 


OUT- 


SEs Sint ae | wba pe pes) Sahay ee EN CET ah 
1 
piccke { 
j | 
| Vin (0) 
i} 
! 
| 
\ 15pF : ! . . 
1 
= =a OS + ; + LOAD ! OUTPUT 50% 50% 
\ IRCUIT 
bet a 5 Vout (0) OwG. NO. &9795 
OWG. MNO. A-7877B DWG. No. A-7628C 


Type UDN-3614M Dual NOR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 

Driven 

Characteristic Symbol input 
“1” Output Reverse Current pasar 


“0” Output Voltage 


“1” Level Supply Current loci) 
lec(o) 


“O" Level Supply Current 


INPUT Vcc=5V PUT V5 


OUTPUT 


! 
| 
| 
| 
| 
| 
\5pF it 
\ 
i 3) \ 
+ 1CAD 
CIRCUIT | Se Vout (0) DwG. WO. A-9794 


Dwg, WO. A- A 
OWG. NO. A-9942 7900 


NOTES: 


1. Typical vaiues are at Vcc = 5.0 V, Ta = 25°C. 
2. Per package. 
3. Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDN-5700A 


SERIES UDN-5700A QUAD 2-INPUT 
PERIPHERAL and POWER DRIVERS 
—— TRANSIENT PROTECTED OUTPUTS 


FEATURES: 


© Four Logic Types 

@ DIL/TTL/PMOS/CMOS Compatible Inputs 
@ Low Input Current 

@ 300 mA Continuous Output Current 

@ Sustaining Voltage of 80 V 


Description 


These 16-lead quad 2-input peripheral and power drivers are bi-polar mono- 
lithic integrated circuits incorporating AND, NAND, OR, and NOR logic 
gates, high-current switching transistors, and transient suppression diodes on 
the same chip. The four output transistors are capable of simultaneously 
sinking 300 mA continuously at ambient temperatures of up to +70°C. In 
the OFF state, these drivers will sustain at least 80 V. 


Applications 


The Series UDN-5700A quad drivers are ideally suited for interface between 
low-level or high-level logic and high-current/high-voltage loads. Typical 
applications include driving peripheral loads such as incandescent lamps, 
light-emitting diodes, memories, and heaters. 


The integral transient suppression diodes allow their use with inductive 
loads such as relays, solenoids, or stepping motors without the need for dis- 
crete diodes. For non-inductive loads, the diode common buss can be used 
as a convenient lamp test. 


ABSOLUTE MAXIMUM RATINGS 


I UMMMELA Re RV Cee ha 58S ese RE IKE sek os vv abies a Ue otes Wa bres 10 V 
NEG Meg? GO) EA a A a Oe ee rT re ote 30 V 
Rien eS EACD AV OILAD EV oge2 cleat presen: «cscs Pe PA A) Oa cucu ol ev es a 80 V 
mmmaneo ate SINK GUITENL, log uss. 2: ds 0a. ct ds eee Delt cease bees 600 mA 
mumoression Diode Off-State Voltage, Vor... 0. +. ec cece ese ec ce etusceeessvas 80 V 
muporessionpiode On-otate Current, lon. ascaue. bese as eave ce eb eens sews 600 mA 
Operating Free-Air Temperature Range, Ta.................. 0.00... 0°C to +70°C 
meiavemenperaure Range, [cic .s.a Acco he cia aa Tee oT —55°C to +150°C 
EE METOALON Arne hee! ys Oe Wh EEE keg cud oe hk aes 2.0 W 

TA TREASCTEL: 8 oe ai rs aE 0.8 W 

erating EACtOl ADOVE. 20°C... 0 sss cst tcs hee whe a ete 16.67 mW/°C or 60°C/W 
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Type UDN-5703A 
Quad OR Driver 


OWG. NO. A-9866 


Type UDN-5706A 
Quad AND Driver 


OWG. WO. A-9867 
Type UDN-5707A 
Quad NAND Driver 


Type UDN-5733A 
Quad NOR Driver 


SERIES UDN-5700A (Cont'd) 


RECOMMENDED OPERATING CONDITIONS 


Min. Nom. Max. Units 
Supply Voltage (Vcc): 4.15 5.0 5.25 V 
Operating Temperature Range 0 +25 +70 °c 
300 mA 


Current into any output (ON state) 


ELECTRICAL CHARACTERISTICS (over operating temperature range unless otherwise noted) 


Test Conditions 
Driven Other 


Characteristic Symbol Temp. Vec Input Input Output Min. 


‘‘L’’ Input Voltage 


A 
A 


M 
MAX 


Characteristic 
Turn-on Delay Time 
‘= 15 pF 


Turn-off Delay Time Vous y, Ri = 4652 (10 Watts) 
NOTES: 


1. Typical values are at Vec = 5.0V, Ta = 25°C. 


2. Each input tested separately. : 
i Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 


Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDN-5700A (Cont'd) 


Type UDN-5703A Quad OR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Driven Other 
Characteristic Symbol Temp. Vec Input Input | Output Min. Typ. Max. 


“1” Output Reverse Current ez 80 V 
Von 


Ha 

“0” Output Voltage |e | 150 mA | 
acme 

pee aig tet [ta 

| PSNOM | 

ou 

eh 


Vcc | a Ccn | tari 


Diode Forward Voltage Drop Vp 
“1” Level Supply Current 
“0” Level Supply Current 


INPUT YCC-5V. OPEN OUTPUT Vs 


= 

~< 
So 
a 
Oo 
co 
<= 
Ww 
S 
Ss 
= 
> 
S 
wn 


PULSE 


V: 
CENERATOR in(0) 


i} 
i} 
\ 
\ 
' 
i} 
; 1 
\ ' 
! ' 
\ l5pF | SS Voutith 
; [re 5) OUTPUT fo 50% 
1 
= — SS = cs =LOAD 1 Your(0) 
, CIRCUIT dma. No. 4-7628¢ 


Jao. NO. A-9I2GA 
Type UDN-5706A Quad AND Driver 
: tno. | vec | fot | int | ouput | win ty to | unis 
Characteristic Symbol Temp. Vec Input Input Min. Typ. Max. | Units Notes 
OV yA 
v_[20v 
Twin [08v [vec [10m [035 a 
a 
[Diode Leakage Current [Tix | Nom [Now [ov | ov | OPEN | Exel 
[Mo [NOM | NOM | vec [vec] | SSS] OP ad 
batty Bal 


ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 

Pa 

Fis deed 0 

yore E 

rade 500 mA 05 01 

| NOM | v 

Diode Forward Voltage Drop | Vp | NOM | 
“1’’ Level Supply Current | tec) | NOM | 
“0” Level Supply Current | lccioy [| NOM | MAX 


= 
> 
~< 
Sojol<_ 
<|o/9 
<j 


hoot | 
Rr | Vin(l) 
| 
i} 
Vin (0) 
| 
15pF 
(Note 5) | i Tia A --Vout/l) 
1 OUTPUT 50°. 50°. 
LOAD | 0 
CIRCUIT | aulite 
——~_— — — dy Mo. &-7624C 
DWG. WO. A-7878A 
NOTES: OWG. NO. A-9866 
1. Typical values are at Vcc = 5.0 V, Ta = 25°C. 


2. Per package. 

3. Diode leakage current measured at Vp = Vost(min). 

4. Diode forward voltage drop measured at Is = 300 mA. 

9. Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDN-5700A (Cont'd) 


Type UDN-5707A Quad NAND Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 


fieeeed 0 
| [OPEN | 08V | Vee 100 
ee ae ss 
3 20V | 20V 

fe | NOM [NOW| Vee_| Vee 
Lambe So a 

risked 


Characteristic 


“1” Output Reverse Current 


“1” Level Supply Current MAX 0 


0’ Level Supply Current MAX 5.0V 5.0V 


OUT- V 
INPUT 2.4V VCC=5V OPEN Pp iu S 
fg 71 Vie(1) fake 
ae u 
y ! 
\ ' 
| ; 
; 1 Vin(0) ASN 
i] \ 
Ly be ee bh . 
\ vhs | | i Vout(1) gb 
1 (Note5) | 
1 | OUTPUT 0% 
= = = = ; = LOAD I 
H CIRCUIT | 


Sait alan rm memo) 


DWG. NO. A-7900A 


rE 


OWu. NO. A-78994 


Type UDN-5733A Quad NOR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 


OWG. MO. A-9867 


Characteristic 
“1” Output Reverse Current 
08V | 80V 
“O"’ Output Voltage 2.0 V OV 150 mA 


Diode Leakage Current 
Diode Forward Voltage Drop Vb 
“1' Level Supply Current lec) 


“0” Level Supply Current 


OUTPUT 


ea ee og t(() 


OWG. NO. A-7900A 


NOTES: 
1. Typical values are at Vcc = 5.0V, Ta = 25°C. 
2. Per package. 
3. Diode leakage current measured at Va = Vott(min). 
4. Diode forward voltage drop measured at I+ = 300 mA. 
5. Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDS-5700H 


SERIES UDS-5700H QUAD 2-INPUT 
PERIPHERAL and POWER DRIVERS 
-- Hermetically-Sealed 


@ Four Logic Types 

@ DIL/TTL/PMOS/CMOS Compatible Inputs 

@ Low Input Current 

@ Sustaining Voltage of 80 V 

® Hermetically Sealed Package to MIL-M-38510 

@ High-Reliability Screening to MIL-STD-883, Class B 


Description 


These 16-Lead quad 2-input peripheral and power drivers are bi-polar 
monolithic integrated circuits incorporating AND, NAND, OR, and NOR 
logic gates, high-current switching transistors, and transient suppression 
diodes on the same chip. The four output transistors are capable of 
simultaneously sinking 150 mA continuously at an ambient temperature of 
+ 70°C. Inthe OFF state, these drivers will sustain at least 80 V. 


Applications 


The Series UDS-5700H quad drivers are ideally suited for interface between 
low-level or high-level logic and high-current/high-voltage loads. Typical 
applications include driving peripheral loads such as incandescent lamps, 
light-emitting diodes, memories, and heaters. 


The integral transient suppression diodes allow their use with inductive 
loads such as relays, solenoids, or stepping motors without the need for 
discrete diodes. For non-inductive loads, the diode common buss can be 
used as a convenient lamp test. 


ABSOLUTE MAXIMUM RATINGS 


POMC ODE MN CRAs Kil ls i rathwittlye «0: 885-2 os ks div Son vec daedors en. 70 V 
are CERRY (fener ere reer a ng gcse ald a ces he oo OnY 
PIM ALTLETVOILAGG. Votf. eA. fens. vue foo, Fo tanemtael-baiiew derdemcet bese css 80 V 
Output-On-otate-Sink- Current; lon-wisrvev ewes ee. wee ce eee eo a Oe 600 mA 
Suppression Diode Off-State Voltage, Voff............. ccc cece eee ceeeeeeees 80 V 
Suppression Diode On-State Current, lon..... 0.0.0... ccc eee cee eeeeeues 600 mA 
SR MLTESIIALIOIRE [ters estate SY ine tht cals bh wie foie wcccw 1.0 W 
ee RremEmE Ore ISSID ATION) Ey oer sare ay k's cagcr eng Grad vie nb /n's viecs a sSe'a See Graph 
Ambient Temperature Range (operating), Ta..................0008 —55°C to +1259C 
DmemeemeCperatre Ranke. IS. 0. f. foc sca kes mene ce bocee —65°C to +150°C 
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Type UDS-5703H 
Quad OR Driver 


OWG. WO. &-9866 


Type UDS-5706H 
Quad AND Driver 


OWS. WO. A-9867 


Type UDS-5707H 
Quad NAND Driver 


Owe. AO. A-9868 


Type UDS-5733H 
Quad NOR Driver 


SERIES UDS-5700H (Cont'd) 


2 NORMAL 
SYSTEM LIMIT 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


TEMPERATURE IN °C 
OWG. NO. A-10. 198A 


RECOMMENDED OPERATING CONDITIONS 


Min. Nom. Max. Units 
Supply Voltage (Vcc) 45 5.0 5.5 V 
Operating Temperature Range —55 +25 +125 °C 
Current into any output (ON state) i ag 300 mA 


ELECTRICAL CHARACTERISTICS (over operating temperature fT unless otherwise noted) 
Test Conditions 


Driven 
ame Units 


Test Conditions 


Vs = 70 ve Ri = 4652 (10 Watts) 
Oi = 15 pF 
Vs = 70 V, Ri = 4652 (10 Watts) 
C, = 15 pF 


NOTES: 
1. Typical values are at Vcc = 5.0V, Ta = 25°C. 
2. Each input tested separately. 
3. Voltage values shown in the test circuit waveforms are with. respect to network ground terminal. 
4. Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDS-5700H (Cont'd) 


Type UDS-5703H Quad OR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Characteristic 


“1” Output Reverse Current 


“0” Output Voltage 


cr 
ca 
Ea 
[ode Lestge Curent | tw | NOW 
| NOM | 
oH 
ron 


| 08v | o8v] is0mA| 04 05 | 
06 0. 
Pov [ov [orn 

> Veoss| Meese ars 
S| By [he 
is es |e 


Diode Forward Voltage Drop 
“1” Level Supply Current 
“0” Level Supply Current 


Vv 
INPUT CC=5V. OPEN OUTPUT ws 


R 


‘ ie ee ——-Vout(1) 
OUTPUT 50% 50% 
————ccci Lele 


OWG. NO. A-9123A OWG. Wo. A-7628C 


DOWG. NO. A-9869 


Type UDS-5706H Quad AND Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions imi 
_ Driven Other 
Characteristic Symbol Temp. Vec Input Input Min. Typ. = Max. 
“1” Output Reverse Current Cea ; i 
“0” Output Voltage ae 


ee 
ten 
Ft 
[Diode eatage Cent [Te | NOW 
no 
rom 
[Rom 


=) 
Ss 
m 
=a 


Diode Forward Voltage Drop 


“1’’ Level Supply Current 
“0” Level Supply Current 


| 
ase 
, \ 
(Note 5) 4 
1 

\ 

\ 


' [aie Mount) 
OUTPUT fi 50% \ 
Vout (0) 


= ar — = = LOAD 
CIRCUIT OWG. Wo. &-7628C 
OWG. 40. A-7878A 
NOTES: 
OWG. NO. +9866 


1. Typical values are at Vcc = 5.0 V, Ta = 25°C. 
2. Per package. 

3. Diode leakage current measured at Va = Vott(min). 

4. Diode forward voltage drop measured at I = 300 mA. 

5. Capacitance values specified include probe and test fixture capacitance, 
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SERIES UDS-5700H (Cont'd) 


Type UDS-5707H Quad NAND Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 


Characteristic 


“1’’ Output Reverse Current 


“0’’ Output Voltage 


Diode Leakage Current 
Diode Forward Voltage Drop 
“1” Level Supply Current 
“0"’ Level Supply Current 


INPUT 2.4V VCC=5V open pyT7 Vs 


iSpF 
(Note 5) 
OUTPUT 


= LOAD 


! 
' 
1 
' 
' 
\ 
1 
1 
' 
' 
! 
! 
| 
t= CIRCUIT 


Cie ph en PRT 


OWG. MO. A-7900A 
OWs. NO. A-7899A 


Type UDS-5733H Quad NOR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


i 
; le a 


Driven 
Characteristic Input 


“1’’ Output Reverse Current 


“0” Output Voltage 
Diode Leakage Current 
Diode Forward Voltage Drop 


INPUT Voc=5V OPEN OUTPUT = V5 


¥~ 
> 


2 
> 
La 
rh 


PULSE 
GENERATOR 


OUTPUT 


OWG. NO. A-9135A DwG. NO. &-7900A 


NOTES: 
1. Typical values are at Vec = 5.0V, Ta = 25° G 
2. Per package. 
3. Diode leakage current measured at Ve = Voft(min). 
4. Diode forward voltage drop measured at l¢ = 300 mA. 
5. Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDS-5700H (Cont'd) 
RN LA A I a EB NN BE A TS TE ES aI BT I HE LTE IY LTA ETN 


POWER DRIVERS WITH MIL-STD-883 
HIGH-RELIABILITY SCREENING 


Power drivers with high-reliability screening can be ordered by adding the suffix ‘MIL’ to the part number, for 
example, UDS-5703H-MIL. If marking with the customer’s part number is necessary in place of the Sprague 
Electric part number, this must be stated on the purchase order with the marking desired. 


Table | - 100% Production Screen Tests (All Hermetic Parts) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.1 thru 3.1.6 


eee 


MIL-STD-883 
Screen Test Method Conditions 
Internal Visual 2010, Cond. B — 
Stabilization Bake 1008, Cond. C 150°C, 24 Hours 
Thermal Shock 1011, Cond. A 0 to 100°C, 15 Cycles 
Constant Acceleration 2001, Cond. E 30,000 G’s, Yl Plane 
Fine Seal 1014, Cond. A 5 x 10-7 Maximum 
Gross Seal 1014, Cond. C _ 
Electrical _ Per Specification 
Marking _ Sprague or customer part number, date code, lot identifica- 


tion, index point 


Table I - 100% High-Reliability Screening (‘‘MIL” Suffix Parts Only) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.9 thru 3.1.15 & 3.1.18 
eee ee wl SW lovesioril dere oid Boe-sigot food alent by tayatewn, 


MIL-STD-883 
Screen Test Method Conditions 
Interim Electrical 9005, Gp A, Subgp 1 25°C per Specification 
Burn-In 1015, Cond. A 125°C, 160 Hours 
Static Electrical 9005, Gp A, Subgp 1 25°C per Specification 
9005, Gp A, Subgp 2 &3 —55°C & +125°C per Specification 
Dynamic & Functional Electrical 9005, Gp A, Subgp 4,7 &9 25°C per Specification 
Fine Seal 1014, Cond. A 5 x 10-7 Maximum 
Gross Seal 1014, Cond. C — 
External Visual 2009 — 


Table Ill - High-Reliability Qualification and Quality Conformance Inspection 
MIL-STD-883, Method 5004, Class B, Paragraph 3.1.17 
Senet reece ee ee = en ee ee eee 


MIL-STD-883 
Test Test Method Description 
care ee arn EE TE oe 
Group A Subgp. 1-4, 7 & 9 5005, Table | Each production lot 
Group B 9005, Table II Each production lot 
Group C 5005, Table III End points, Gp. A, Subgp. 1, every 90 days 
Group D 5005, Table IV End points, Gp. A, Subgp. 1, every 6 months 
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SERIES UDN-5700M 


SERIES UDN-5700M DUAL 


PERIPHERAL and POWER DRIVERS 
—— TRANSIENT PROTECTED OUTPUTS 


FEATURES 


e Four Logic Types 

e@ DIL/TTL/PMOS/CMOS Compatible Inputs 
e@ Low Input Current 

e@ 300 mA Continuous Output Current 

e Sustaining Voltage of 80 V 


Description 


These “mini-DIP” dual peripheral and power drivers are bi-polar monolithic 
integrated circuits incorporating AND, NAND, OR, or NOR logic gates, 
high-current switching transistors, and transient suppression diodes on the 
same chip. The two output transistors are capable of simultaneously sinking 
300 mA continuously at ambient temperatures of up to +70°C. In the OFF 
state, these drivers will sustain at least 80 V. 


Applications 


The Series UDN-5700M dual drivers are ideally suited for interface between 
low-level or high-level logic and high-current/high-voltage loads. Typical 
applications include driving peripheral loads such as incandescent lamps, 
light-emitting diodes, memories, and heaters with a load current of up to 
600 mA. 


The integral transient suppression diodes allow the use of these drivers 
with inductive loads such as relays, solenoids, or stepping motors without 
the need for discrete diodes. When not required for transient suppression, 
the diode common bus can be used to perform the “‘lamp test” function. 
Similar devices with four drivers per package are the Series UDN-5700A. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage: Vector aos sea he ee con veh Ee ce eee ap 70 V 
input Valtage.cVinat. cocina < c-us gn yees cpeertiees ote eines a stom nama 30 V 
Output Off-State Voltage, Vott. cic 28s} tee Mere eines, ken ee eee ees 80 V 
OUISUT Of State Sink GUMTED(, lon.- «5.5 0c ee csie res etere oon eontecmenteneee= ne ote 600 mA 
Suppression Diode Off-State Voltage, Voft ...- .. cen ncwies vee erent ene ne es uue 80 V 
Suppression Diode On-State Current, lon..... 2... 02-2 ee eee eee nee eee ees 600 mA 
Operating Free-Air Temperature Range, Ta.......-.. 220-0 e eee ee ener 0°C. to.-470°C 
Storage Temperature Range, Is): .......- -/.) Aeipasntiy-tagad-ies Fes - 55°C to +150°C 
Power ‘Dissipation, - Phen ak. s-ote.! aged «6 ae aio hade et eae ee 1.5 W 

Fach . Driver. stbere.d sages 22608 24 a aad oe eee ee 0.8 W 

Derating Factor BOUWe Coste be. .2 5.0 2-.. cre euiemrrasn 12.5 mW/°C or 80°C/W 
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OWG. NO. A-9791 
Type UDN-5711M 
Dual AND Driver 


DWG. NO. A-9790 
Type UDN-5712M 
Dual NAND Driver 


OWG. MO. A-9789 


Type UDN-5713M 
Dual OR Driver 


OWG. NO. A-9788 


Type UDN-5714M 
Dual NOR Driver 


SERIES UDN-5700M (Cont'd) 


LT TL a aT PS OE ES MIE ED HL I AE IME LTT SLY ATER SL BUY SE ae 


RECOMMENDED OPERATING CONDITIONS 


oe mem ee eee 
M 


in. Nom. Max. Units 
Supply Voltage (Vcc): 475 5.0 525 V 
Operating Temperature Range + +70 0 
een Mano OUI CON Stale) 8p. fe 300 mA 


ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions 


Driven Other 
Vec Input Input Output | Min x. | Units Notes 


in. Typ. Ma 

a ee EL Pc 
“0” Input Vag iif evecorab ne ONIN oes | gk ORI VAEN wort 
“0” Input Current at all Inputs 
[OT Input Gurrentat Stabe [wor | __MAK__04V__a0V i100 200 [Gua |e 
“1” Input Current at all Inputs 
PT inputcurentatseobe [Twn | MAK OV VTC A | 
Pioparconeveme TO wR eek Te 


SWITCHING CHARACTERISTICS: Vcc = 5.0V, Ta = 25°C 


Characteristic Test Conditions Max. Units 
0 


l in, a 
Turn-on Delay Time tpdo Vs = 70 V, Ry = 4654 (10 Watts) 200 500 ns 3 
C. = 15 pF 
Turn-off Delay Time todl Vs = /0V, Ry = 465 (10 Watts) 300 750 ns 3 
Ci = 16 pF 
NOTES: 


l. Typical values are at Vcc = 5.0V, Ta = 25°C. 
2. Each input tested separately. 


3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 
4. Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDN-5700M (Cont'd) 


Type UDN-5711M Dual AND Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Luda Conditions 
Driven Other 
Symbol iad ade Input Input Output Units | Notes 
“1” Output Reverse Current pend pa a 
“Q" Output Voltage eae 


ee 
Ppa cd 
i ae 
aa 
[Diode Leakage Current | tx _|_ NOM | 
PeNOM | 
| NOM | 
| NOM | 


Characteristic 


| MIN 

| MIN 
| Nom | ov | ov | OPEN 200 
NOW Taal 
“1"’ Level Supply Current 


Vin(0) 


Oe et oe ee 


'SpF fod a a oe eee 
| 
(Note 5) ; = = — --Vout(1) 
cH Fe = cs = LOAD OUTPUT 50% 50% 
CIRCUIT 
a Vout (0) 
UwWG. «0 eA DWG. NO. A-9791 


OWG. No. A~-7628C 


Type UDN-5712M Dual NAND Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Test Conditions Sa eiinits ea 
Driven Other 
ee Temp. Input ae Output ; Units Notes 
“0” Output Voltage a 


Hn : 
035 
ae 

aia 

Mei 


Characteristic 


i=) 
co 
<= 
co 
Oo 
: 
zr 


cosas 


ioe Farad Volz De a SR 
“1” Level Suply Current a RL 
INPUT 2.4V VCC-5V open, sale Vs ; 
J J J af J — 4 tr 
{aio eae I 
wet 
! \ 
1 i 
' ! 
! ; 
: 15pF ; 
' (Note5) | 
, OUTPUT 
oF o i= i 7 ace LOAD 
1 CIRCUIT J Sie = i Vout (0) DwWG. NO. A-9790 
oper a 


DWG. NO. nye OwG. NO. A-7900A 


NOTES: 
1. Typical values are at Vec = 5.0 V, Ta = 25°C. 
2. Per package. 
3. Diode leakage current measured at Ve = Vott(min). 
4. Diode forward voltage drop measured at Ix = 300 mA 
5. Capacitance values specified include probe and test fixture capacitance, 
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SERIES UDN-5700M (Cont'd) 


Type UDN-5713M Dual OR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


i Test Conditions 


Driven Other 
Symbol Temp. Input Input Output Units Notes 


sav 00 
av [fv Senee 


V 
V 
Comin |oav | csv | 150m E 
Twin |oav | oav | 300m 
V 
0 


Characteristic 


“1” Output Reverse Current a 
“0” Output Voltage — 


[now [ov [ov | oPen i a es 
[wow [vee [ vee [ las ae per 
wax | Sov | cov] [me a 
Le ce 


Diode Leakage Current 
Diode Forward Voltage Drop 
“1"" Level Supply Current 


i — 
oS 
~~ 
on Oo 
r 
> 


INPUT “CC 5V. OPEN OUTPUT Vs 


Vin(0) 


ted) = p+ [-————»l— tpad 


Saprie . oor) 
OUTPUT fics 50% \ 
Vout(0) 


4-J1254 
Jeu. NO. yt OWG. No. A-7628C 


Type UDN-5714M Dual NOR Driver 
ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


l5pF 


[re 5) 


=LCAD 
CIRCUIT 


Test Conditions imi 
Driven Other 
Characteristic Symbol Temp. Input a Output Min. Units Notes 


"T" Output Reverse Curren Fo EN 

Se 0 
"0 Output Vag Para ot set ear} — 

_ | eco 20V 05 of 
[Diode Leakage Curent [ux | WOW | NOW| Voc [Vee | OMN [a0 [nA | 3 
[ote err aes [vo now [nom [roy Prev Pas as fv 
[F Level Supsy Current | teem | Nom_| max] ov [ov | |v 5 [ma | 2 
[70 Lever Supply Curent | tecior | nom | Max] sov | sov] {0 | mf a2 | 


INPUT VoC=5V. OPEN OUTPUT Vs ie 


OUTPUT 


oe erat eh Yout\O) 


OWG. NO. A-7900A 


NOTES: 
1. Typical values are at Vec = 5.0V, Ta = 25°C. 
2. Per package. 
3. Diode leakage current measured at Vp = Vof#(min). 
4. Diode forward voltage drop measured at I¢ = 300 mA. 
5. Capacitance values specified include probe and test fixture capacitance. 
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THE UDN-5733A QUAD 2-INPUT POWER DRIVER IS SHOWN ON PAGE 2-26. 


THE UDS-5733H HERMETICALLY-SEALED POWER DRIVER IS SHOWN ON PAGE 2-30. 
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UDS-5790H and UDS-5791H QUAD PIN DIODE POWER DRIVERS 


UDS-5790H and UDS-5791H QUAD 
PIN DIODE POWER DRIVERS 


FEATURES 


e Inverting or Non-Inverting 

e@ Low Input Current 

e@ TTL, DTL, MOS Compatible 

@ Wide Operating Voltage Range 
e@ High Output Breakdown Voltage 


(CO of four high-voltage NPN output 

Stages and associated logic and level shifting, 
these monolithic, planar integrated circuits offer an 
easy solution to many PIN diode driving applications. 


The UDS-5790H and UDS-5791H quad power 
drivers are designed to replace discrete or hybrid PIN 
diode drivers. They provide significant reductions in 
cost and space with improved reliability. The UDS- 
5790H driver uses a grounded-base input stage for 
non-inverting operation while the UDS-5791H driver 
uses a common-emitter input stage for inverting op- 
eration. Both devices are capable of sustaining OFF 
voltages of 120V and will switch currents to 500 mA. 


The input buffer circuitry has been designed to 
utilize external discrete resistors. The one-resistor- 
per-driver effectively reduces total package power dis- 
sipation and junction temperature while allowing user 
selection of output base drive current, power supply 
voltages, and output current. 


All devices are rated for operation over an extended 
temperature range of —55°C to +125°C. They are 
customarily supplied in 16-pin hermetic dual in-line 
packages. All units are subjected to the 100% pro- 
duction screen tests specified in MIL-STD-883, Method 
5004, Class B, paragraphs 3.1.1 through 3.1.6. On 
special order, 160 hours of burn-in to Method 1015, 
Condition A, can also be performed. 
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OWG. NO. A- 10,477 


UDS-5790H 


OWG. NO. A-10,478 


UDS-5791H 


UDS-5790H and UDS-5791H QUAD PIN DIODE POWER DRIVERS (Cont'd) 


ABSOLUTE MAXIMUM RATINGS over free-air operating temperature range 


Supply Voltage, Vec......:.....- ae Pi Clee Fe. Ue ee eames. eee +6.0V 
Supply Voltage, Ves. oc. cc la ees cb vce teeta Fete 1 Orn SITE ngL on an sat er ne et eee an oe —6.0V 
Input Voltage, Vay. ce ccc cca cease oda cigs ca ue kn globes stats oy cee Beem yeetiats wa teteslis)s Sees ironman siete 2 Vec 
Output OFF-State Voltage, Vorg (refs: Vee) ose. Jeu kaleate db wntcse epee eligi oad. e<Geee aeeueEeeneED tees +120V 
Output ON-State: Gurrent; Lona cccs fics 'co lscn6 5 see nut a cu Scan cco CRMC ok) eee a 500 mA 
Package Power Dissipation, Po. « ¢ oscsciss eucce aanlesees soe 2 eines See ene ee cnn ante See Graph 
Operating AmbientiVeriperaturerRange, Ta... v4 inane esees weerhes scp see's on he ees ce ieee ennmne eames mame —55°C to +125°C 


Storage Temperature Range, T; 


Pe ee LPP vere, oie ee em te ea —65°C to +150°C 


if. S Batt Bo? SE Bee 


H)- 
32 


2 
rc 


Ib ---w--- 


DMG. WO. & 10, 480 


ONE OF FOUR DRIVERS ONE OF FOUR DRIVERS 
UDS-5790H UDS-5791H 


RECOMMENDED OPERATING CONDITIONS 


Min. Nom. Max. Units 


Supply; Voltage, Veesessieiwcae 525 oa ' nea eye ee ese terete em eer 45 5.0 5 5 ay 
Supply Voltage; Vegi ys). ox ute uh weet bos cee etal canes kane soe) eer a —15 -—30 -—55 V 
Output ON-State. Current) lone” coe 00. Da Ga Soca daw vee ee 300 mA 
Operating Ambient Temperature Range, ‘1,1, ..c-.0. cess sore ees eee ee ee —55 +85 +125 °C 


2-38 


UDS-5790H and UDS-5791H QUAD PIN DIODE POWER DRIVERS (Cont'd) 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
> 


TEMPERATURE IN °C 


DG. NO. A 10. 1984 


STATIC ELECTRICAL CHARACTERISTICS over operating temperature range 
(unless otherwise noted) 


Sis 
Characteristic Symbol | °C {| +V{—V{/+4V}+V_ mA | @ | Min. Max. | Units | Notes 
Reinvent ee he ak ee a | 
Me Oe input Voltages faVyao)! | OL NTA Raia itty [eronning Mmlye Galireen- 0800] Vo 
Bee ta -sbervess] sien BB 5.0) Weveeeenbites |) akall ge 51.0 sla mA oO]: 17 
Bs os Ee Sa eee) 
PY ee ee. 
ESE ee ey es eB es 
OFF-State PRET Beto FEE Sle kT aT Pan Ey ae 
Reverse Current +125 | 4.5 | 51152 © RO eon 100 8 | pA [8 
ON-State 5 | 4.5 jo 150! epe20~| = 400 mv 
Output Voltage ea oe aaa es 
(ref. Vez) aa A ISON Capet|pectiowtion 400) mV] 45 
5 | 4. 
(a inion O45 ee) 


Predriver 
Collector Voltage 
(ref. Ve) 


Output Short-Circuit a 
Current 

OFF-State 

Supply Current 
ON-State 

Supply Current 


=~ 
on 


Bo 
w 
on 
— 
So 
RO 
fo) 
on 
(=) 
> 
Ww 
on 


=> 
on 


ON 
x 
a 

lec io 


—) 
+85 
+12 


V 
V 
t 


=: 
> 


Turn-On Dela 5.0 | 3.0 ns 
Storage Delay 5.091 1/3.0)" 510 nS 
Fall Time 10 See | 


| 
NOTES: 


1. Type UDS-5790H only. 

2. Type UDS-5791H only. 

3. Vin = 2.4 V for UDS-5790H or 0.4 V for UDS-5791H. 
4. Vin = 0.4 V for UDS-5790H or 2.4 V for UDS-5791H. 
5. Each output tested separately. 
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UDS-5790H and UDS-5791H QUAD PIN DIODE POWER DRIVERS (Cont'd) 


SWITCHING TEST CIRCUIT 
AND WAVEFORMS 


+5V VIN Vec Vout  +100V 


100K 
PULSE 
ENERATOR ; 1N4938 
15pF 
5.360 
1w 
OWG. NO. A-10.654 
UDS-5790H UDS-5791H 


OMG. RO. A- 10.655 


GENERAL DESIGN NOTES 


lon 


nx =p 
B (Voc — Veg — Vy) 
Ry = ———— 


lon 


where 


B = 30, the minimum output current gain over the operating temperature range 


Vy = 1.5, the maximum predriver voltage 


It is recommended that a minimum overdrive of 25% to be used (1.25 Ipy or 0.8py). 
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UDS-5790H and UDS-5791H QUAD PIN DIODE POWER DRIVERS (Cont'd) 
LA REZ IAT SA OT MOE TO SID NT MT SOIT LIEN PG TET Lg 


POWER DRIVERS WITH MIL-STD-883 
HIGH-RELIABILITY SCREENING 


Power drivers with high-reliability screening can be ordered by adding the suffix ‘‘MIL”’ to the part number, for 
example, UDS-5790H-MIL. If marking with the customers part number is necessary in place of the Sprague 
Electric part number, this must be stated on the purchase order with the marking desired. 


Table | - 100% Production Screen Tests (All Hermetic Parts) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.1 thru 3.1.6 


MIL-STD-883 
Screen Test Method Conditions 
Internal Visual 2010, Cond. B — 
Stabilization Bake 1008, Cond. C 150°C, 24 Hours 
Thermal Shock 1011, Cond. A 0 to 100°C, 15 Cycles 
Constant Acceleration 2001, Cond. E 30,000 G’s, Y1 Plane 
Fine Seal 1014, Cond. A 5 x 10-7 Maximum 
Gross Seal 1014, Cond. C —_ 
Electrical _ Per Specification 
Marking = Sprague or customer part number, date code, lot identifica- 


tion, index point 
(ee erence Te oll am lt kt eda em a 
Table Il - 100% High-Reliability Screening (‘‘MIL” Suffix Parts Only) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.9 thru 3.1.15 & 3.1.18 


—_—_—_—_—_— SSS 


MIL-STD-883 
Screen Test Method Conditions 
Interim Electrical 5005, Gp A, Subgp 1 25°C per Specification 
Burn-In 1015, Cond. A 125°C, 160 Hours 
Static Electrical 5005, Gp A, Subgp 1 25°C per Specification 
5005, Gp A, Subgp 2 & 3 —55° & +125°C per Specification 
Dynamic & Functional Electrical 9005, Gp A, Subgp 4,7 &9 25°C per Specification 
Fine Seal 1014, Cond. A 5 x 10-7 Maximum 
Gross Seal 1014, Cond. C — 
External Visual 2009 — 


Table Ill - High-Reliability Qualification and Quality Conformance Inspection 
MIL-STD-883, Method 5004, Class B, Paragraph 3.1.17 


SS 


MIL-STD-883 
Test Test Method Description 
Group A Subgp. 1-4,7 &9 5005, Table | Each production lot 
Group B 5005, Table || Each production lot 
Group C 5005, Table III End points, Gp. A, Subgp. 1, every 90 days 
Group D 5005, Table IV End points, Gp. A, Subgp. 1, every 6 months 
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GENERAL INFORMATION, INDEX TO ALL DEVICES, 
INTERCHANGEABILITY GUIDE, HOW TO PLACE AN ORDER 


POWER/PERIPHERAL DRIVERS — 
DUALS AND QUADS TO 120V or 1.5A 


HIGH-CURRENT DARLINGTON AND TRANSISTOR an 
TO1.5A 


MOS AND BIMOS CIRCUITS 


SPECIAL CIRCUITS 
CUSTOM PACKAGING 


APPLICATIONS INFORMATION, PACKAGE DRAWINGS, 


_ THERMAL CHARACTERISTICS 
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Device Type Data Applications Thermal 
ee ee ee 
UHP-480 and 481 3—2 7—4 1E 
UHP-482 3—2 1D 
UHD-490 and 491 3—5 4B 
UHP-490 and 491 3—5 7—4 1E 
UHP-495 3—7 1E 
UDN-6116A and 6116A-2 3—9 1E 
UDN-6116R and 6116R-2 3-9 3B 
UDN-6118A and 6118A-2 3—9 7—10 1D 
UDN-6118R and 6118R-2 3-9 3A 
UDN-6126A and 6126A-2 3—9 1E 
UDN-6126R and 6126R-2 3-9 3B 
UDN-6128A and 6128A-2 3—9 7—10 1D 
UDN-6128R and 6128R-2 3-9 3A 
UDN-6144 and 6164A 3-13 7—4, 27 1E 
UDN-6184A 3-13 1D 
UDN-7180 thru 7186A 3-17 7—3, 27 1D 
Device Type lout Vout Outputs 
UHP-480 15 mA 130 V Sink 5 
UHP-481 15 mA 130 V Sink 7 
UHP-482 15 mA 130 V Sink 8 
UH( )-490 —30 mA —80 V Source 5 
UH( )-491 —30 mA —80 V Source 6 
UHP-495 —30 mA —80 V Source 6 
UDN-6116 and 6126A/R —40 mA 85 V Source 6 
UDN-6116 and 6126A/R-2 —40 mA 65 V Source 6 
UDN-6118 and 6128A/R —40 mA 85 V Source 8 
UDN-6118 and 6128A/R-2 —40 mA 65 V Source 8 
UDN-6144A —]0 mA 120 V Source 4 
UDN-6164A —70 mA 120 V Source 6 
UDN-6184A —70 mA 120 V Source 8 
UDN-7180A 20 mA —120 V Sink 8 
UDN-7183A 3.25 mA —120 V Sink 8 
UDN-7184A 2.0 mA —120 V Sink 8 
UDN-7186A 1.0 mA —120 V Sink 8 
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SERIES UHP-480 


SERIES UHP-480 
HIGH-VOLTAGE DISPLAY DRIVERS 


FEATURES 

@ Reliable Monolithic Integrated Construction 
@ Low Output Leakage Current 

@ High-Voltage Output Capability 

@ Small Size 

@ 130 Volt Breakdown 


Description 


The Series UHP-480 high-voltage display drivers are bipolar monolithic 
integrated circuits designed for interface between MOS or open collector 
TTL logic and gas discharge displays such as the Burroughs Panaplex®, 
the Cherry Plasma-Lux and the Beckman SP Series. These drivers replace 
the major portion of discrete components typically required to interface 
between an MOS calculator or counter/decoder circuit and the gas dis- 
charge display. They are high-voltage switches intended for use in the 
cathode portion of the display and are available with either 5 (UHP-480), 7 
(UHP-481), or 8 (UHP-482) switches per dual in-line package. 


Applications 


The Series UHP-480 devices may be used in gas discharge applications 
which include calculators, DVM’s, DMM’s, DPM’s, mini-computers, 
clocks, etc. Their high reliability coupled with small size make them an 
excellent choice for those applications where space is at a premium. 


ABSOLUTE MAXIMUM RATINGS 


Outpot Voltages: ..:.. VS cemeente OA Attn ee ee See 130V 
Output:Sink Current. & anyiot 0. a4 WEE iS. one. ce 15mA 
Input Voltage. 25. :d8 pee AA orks oe eminent ae 30V 
Diode: Forward Current wate... 2355. fy WR fates o eters os die BE ee 50mA 
Operating Temperature Range.........u betu..........--. dee ates 0° to-t70°8 


Storage Temperature Range...... tren Yt ee ees -65°C to +150°C 


OUTPUTS 


OUTPUTS 


COMMON 
EMITTERS 


OWG. NO. A-92364 


UHP-480 
14-Lead Dual In-Line 


INPUT 
NC 
OUTPUTS 
INPUTS 
COMMON 
EMITTERS 
OWG. NO. A-9237A 
UHP-481 
16-Lead Dual In-Line 
INPUT 
NC 
OUTPUTS 
INPUTS 
110 | COMMON 
EMITTERS 


OWG. NO. A-9658A 


UHP-482 
18-Lead Dual In-Line 


SERIES UHP-480 (Cont'd) 


ELECTRICAL CHARACTERISTICS @ T, = 25°C unless otherwise specified 


Characteristic Symbol 


Limits 


= 
= 

4 
—_= 
wo 

= 
po) 
~< 

E 

— 

DS 
n” 


Test Conditions 


Output Sink Current Viv = AV, Vee = 5V 2.0 5 =~ [om 
A RA Soe) TL 
EL ed SL 
Py = Wg = BVT = CTS 

Se ec = 200380 [a 
a 

[Outpt Saturation Votage [Vass [lor = 85a y= 8S 

[Tum-on Delay Time | Toa = SOM, Vor = TOV 

Ro SH, Vag = FI peed a Som 


QC OUTPUT 
INPUT © 
30K 
10K 
OEMITTER 


OWG. NO. A-92U8 A 


UHP-480, 481, and 482 (1 Driver) 


Due to the high input impedance of these devices, they are suscep- 
table to static discharge damage sometimes associated with handling 
and testing. Therefore, techniques similar to those used for handling 
MOS devices should be employed. (See Page 5-2). 


SERIES UHP-480 (Cont'd) 


ec 
: m MOSTEK MK5017 
eS 216CH394X9PM 
e 
Bea 


~ 206CK393X9UY_ 


Type 206C and 216C are single in-line networks DWG. NO. A-S4I3A 


TYPICAL CLOCK APPLICATION 
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SERIES 490 and 491 


SERIES 490 and 491 
HIGH-VOLTAGE DISPLAY DRIVERS 


FEATURES ry 


@ Reliable Monolithic Integrated Construction 
e@ Low Output Leakage Currents 

e@ High Output Breakdown Voltages 

@ Small Size 


OUTPUTS 


-Voo NC 


Yss SUBSTRATE 


Description 


The Series 490 and 491 high-voltage display drivers are bipolar monolithic 
integrated circuits designed for interfacing MOS or other low-voltage cir- 
cuitry with high-voltage gas discharge displays or loads. These drivers re- 
place most of the discrete components normally required to drive multiplexed 
gas discharge displays from MOS calculator or clock circuits. The Series 
490 and 491 high-voltage display drivers are intended for use in the anode 
portion of the display and are available with either 5 (Series 490) or 6 
(Series 491) drivers per dual in-line package. 


Applications 


The Series 490 and 491 may be used in a variety of low-voltage to high- 
voltage interfacing applications such as are found in MOS calculators, digital 
clocks, etc. Their high reliability and small size make them an excellent vtech 
choice for those applications where space is at a premium. 


OUTPUTS 


Packages 
a TE 
Package Number Package Von NC 
14-Lead Hermetic 
Dual In-line UHD-490 5 Vss | 9 | SUBSTRATE 


14-Lead Plastic 

Dual In-line UHP-490 
16-Lead Hermetic 

Dual In-line UHD-491 


16-Lead Plastic 
Dual In-line UHP-491 


ABSOLUTE MAXIMUM RATINGS 
(referenced to Vss;) 


i ee Rs ec Uke dba naasbunnceane —80V 
OT ST ee eS ee eee ET Peete ccs = (eoton Aaameae weaned: 30mA 
ENT yey nro ore ee tiny aceasta Male tldarty ip Bel oy Dl inti Se Pete —30V 
ye paler peert a pleas ceric gl gp healers Seablalarestigs. | calcd ie inthe eit lie ne —30V 
I OIWalG GUNTER. - ... te ce oss ce ene s/n ets = eT eine LER: Sopa ed 5 (See eee 20mA 
Operating Temperature Range: 

EE AO i 8d ETS a a Rede oh eR ee ee .. 0°C to +70°C 

aE OE Ad Or eee a Oe aS oie pn yas mig SNe ain Wow win n poe ae —55°C to +125°C 
OE Os Th tt ee ee _...—65°C to +150°C 


Note: The substrate pin must be connected to a voltage potential equal to or greater than the most negative operating voltage applied to the device. 
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SERIES 490 and 491 (Cont'd) 


ELECTRICAL CHARACTERISTICS @ T, = 25°C (unless otherwise specified) 


hic 2208 Units 7 eae 
ae a Test Conditions re ree 


Pie | 
Vx = Voo-+ 2.50, Vos = 80V, Ta = 70°C aad hk 

Output Saturation Voltage Vin = Vop+6V, lour = 5mA : 

Tapa Curent (a= Vas No = Te So or ee 

oo Supply Guent [Vn = Vs, lou = T5mA = 

[Turn-on Delay Time 


o = 20m 
Turn-off Delay Time 


R: = 4ko 


INPUT © 


SUBSTRATE “Yop OUTPUT 


DWG. WO. SUI! 


Series 490 and 491 (1 Driver) 


Due to the high input impedance of these devices, they are suscep- 
table to static discharge damage sometimes associated with handling 
and testing. Therefore, techniques similar to those used for handling 
MOS devices should be employed. (See Page 5-2). 
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UHP-495 


TYPE UHP-495 
HIGH-VOLTAGE DISPLAY DRIVERS 


FEATURES 


@ Reliable Monolithic Integrated Construction 

@ Low Output Leakage Currents 

e@ High Output Breakdown Voltages 

@ Small Size INPUTS 


TR TYPE UHP-495 High-Voltage Display Driver is a bipolar monolithic 
integrated circuit designed for interfacing MOS or other low-voltage 
circuitry with high-voltage gas discharge displays or loads. This driver re- 
places most of the discrete components normally required to drive multi- 
plexed gas discharge displays from MOS calculator or clock circuits. The 
UHP-495 high voltage display driver is intended for use in the anode portion 
of the display and is available with 6 drivers per dual in-line package. 


SUBSTRATE 


Applications 


The UHP-495 may be used in a variety of low-voltage to high-voltage inter- 
facing applications such as are found in MOS calculators, digital clocks, etc. 
Its high reliability and small size make it an excellent choice for those appli- 
cations where space is at a premium. 


NEG. ADDRESS 


noe 


Partial Schematic 
One of Six Drivers 


ABSOLUTE MAXIMUM RATINGS 
(referenced to Vss) 


PSUR eee ee ee EE EN ds eats ab Ra he wk RE kk ae —80V 
Do 7 Su Gl Teenie alae oneness a fa Nee it 975 Sa ae eee | ei: Pe 30mA 
eat bE SAEs eee es Oe Ok a ae Se RY Sek AAS EE Ghat e Oy me eee —30V 
Input Diode Forward Current....... ..........0........ et 2. ae ee 7 axbeage Pi A DA 20mA 
Operating Temperature Range.........................0...... ee ee Pe eee te ee ee 0°C to +70°C 
eeecemnrm Dekaturenange: SULPRY Hosts. OF un icy. -....0.2... cape uae, elt. o —65°C to +150°C 


Note: The susbstrate pin must be connected to a voltage potential equal to or greater than the most negative operating voltage applied to the device. 
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UHP-495 (Cont'd) 


ELECTRICAL CHARACTERISTICS at T, = 25°C, Vis = OV, Voyg = —80 V 
(unless otherwise specified) 


Characteristic Symbol | Test Conditions 


In. ; 
=e 
TTnpat Curent | Ww Vf 
Vn = = 6, log = TA 
| [Output eakage Covent [tae | Vg = 800 
| [Strate Curent | tne] Yu = 0 Vag WA 
[Substrate Leakage Curent | | Yar = OV Vs = opens 
[inde Beatdown Volage | oe | 


SPRAGUE UHP-495 


NATIONAL 
Rey. MM5311 


SGSFSESD SC SBSA 


O © O 

4 DG Dal Pal Sab 
pol Io tot 
totes 


SPRAGUE 
UHP-48] 


DW. WO. A-9559 


TYPICAL CLOCK APPLICATION 


3-8 


UDN-6116A, UDN-6118A, UDN-6126A, UDN-6128A 


UDN-6116A, UDN-6118A, UDN-6126A, UDN-6128A 
FLUORESCENT DISPLAY DRIVERS 


FEATURES 


@ Digit or Segment Drivers 

Low Input Current 

Integral Output Pulldown Resistors 
Low Power 

Reliable Monolithic Construction 
High Output Breakdown Voltage 


CONSISTING of six or eight NPN Darlington out- 
put stages and the associated common-emitter input 
stages, Type UDN-6116A, UDN-6118A, UDN- 
6126A and UDN-6128A display drivers are designed 
to interface between low-level digital logic and 
vacuum fluorescent displays. All devices are capable 
of driving the digits and/or segments of these 
displays and are designed to permit all outputs to be 
activated simultaneously. Pulldown resistors are in- 
corporated into each output and no external com- 
ponents are required for most fluorescent display 
applications. 


The Type UDN-6116A and UDN-6118A devices 
are compatible with TTL, Schottky TTL, DTL, and 
5 volt CMOS. The Type UDN-6126A and UDN- 
6128A devices are intended for use with MOS 
(PMOS or CMOS) logic operating from supply 
voltages of 6 V to 15 V. With any device, the output 
load is activated when the input is pulled towards the 
positive supply (active ‘high’). 


The standard UDN-6116A, UDN-6118A, UDN- 
6126A, and UDN-6128A display drivers are rated for 
continuous operation with supply voltages of up to 
80 V. Lower-cost devices for operation at supply 
voltages of up to 60 V are specified by adding the suf- 
fix ‘‘—2’’ to the part number. All devices are nor- 
mally supplied in dual in-line plastic packages. They 
can also be supplied, with reduced package power 


OWG. No. A-9643 


UDN-6116A 
UDN-6126A 


~ 
oo 


S| 


u 


8 


6 


a 


3 


Yep 


DWG. No. A-9641 


UDN-6118A 
UDN-6128A 


capability, in military-grade hermetic packages to the 
processing and environmental requirements of 
Military Standard MIL-STD-883, or industrial grade 
dual in-line hermetic packages. To order, change the 
last letter of the part number from ‘‘A’’ to ‘‘H”’ or 
**R’’, respectively. 


UDN-6116A, UDN-6118A, UDN-6126A, UDN-6128A (Cont'd) 


ABSOLUTE MAXIMUM RATINGS at 25°C 

Free-Air Temperature 

Supply Voltage Range, Vag (UDN-6116/18/26/28A) .. ..5.0V to 85 V 
(UDN-6116/18/26/28A-2). ..5.0V to 65 V 


Output Voltage, Voyj7 (UDN-6116/18/26/28A) ................ 85 V 

(UDN-6116/18/26/28A-2)..... ......... 65 V 
Input Voltage, Vino. .oempreee matt as omit Sexune stecee aan 20V 
Output.Gurrent;, logy. stars Perc bo wmelngtenchewes soe aes 40 mA 
Power: Dissipation, Phaeetum.. = < sie atis aus Satu sent on See Graph 
Operating Temperature Range, Ty ............ ..... 0°C to +70°C 
Storage Temperature Range, Ty................. —55°C to +150°C 


ALLOWABLE PACKAGE POWER DISSIPATION, Pp IN WATTS 


AMBIENT TEMPERATURE, T, IN °C 


PARTIAL SCHEMATIC 


ONE OF SIX DRIVERS (UDN-6116/26A) 
ONE OF EIGHT DRIVERS (UDN-6118/28A) 


INPUT O 
© OUTPUT 


“Type Rin Re 
UDN-6116/18A 10ka 30 ka 
UDN-6126/28A 20koa 20 ka 


OWG. HO. A-10.592A 


TYPICAL STAGE 


UDN-6116A, UDN-6118A, UDN-6126A, UDN-6128A (Cont'd) 


ELECTRICAL CHARACTERISTICS Over Operating Temperature Range; Vg, = 80 V For 
UDN-6116/18/26/28A, Vax = 60 V For UDN-6116/18/26/28A-2 
(Unless Otherwise Specified) 


Limits 
Characteristic lice Applicable Devices Test Conditions Min. Typ. 
Vin — 0.4 V, Ty =a deh it a = 


Output Pulldown Current Input Open, Ty, = 25°C, —500  -640 
i j 


Vout = Ve —375 —480 


Input ON Current 


All Inputs = 2.4 V 
ORR cine 
All Inputs = 4.0 V 
urease 2! 


UDN-6128A All Inputs = 4.0 V 
UDN-6128A-2 


Supply Current lap 
UDN-6116A All Inputs = 2.4 V 
UDN-6116A-2 


RECOMMENDED OPERATING CONDITIONS 
Supply Voltage V UDN-6116/18/26/28A 9.0 — 70 
UDN-6116/18/26/28A-2 


BB 
Input ON Voltage Viy | UDN-6116/18A, 6116/18A-2 2.4 ae 15 | a 
UDN-6126/28A, 6126/28A-2 
Output ON Current lout 


3—11 


UDN-6116A, UDN-6118A, UDN-6126A, and UDN-6128A (Cont'd) 


VBB 


SEGMENT SELECT 
UDN-6118/28A 


DIGIT SELECT 
UDN-6118/28A 
D : 
] | > 118) 
Do Fd pe arm 
D3 ae: {f>— 16 
pane, rae ee 
ane eres —_ 
Dg — ef ——— 13) 
sy bears, Ea 
D al 
8 —G is 
6 a 
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TYPICAL 
MULTIPLEXED 
FLUORESCENT 

DISPLAY 


TYPE UDN-6144A, UDN-6164A, AND UDN-6184A 


TYPE UDN-6144A 
(FOUR DRIVERS) 


TYPE UDN-6144A, UDN-6164A, 
AND UDN-6184A GAS DISCHARGE 
DISPLAY DIGIT DRIVERS 


FEATURES 
e@ Reliable Monolithic Construction @ Low Power 
e@ High Output Breakdown Voltage e@ Minimum Size 


e@ High Output Current Capability 


OWG. No. A-9642 


Description TYPE UDN-6164A 


Designed for interfacing between MOS, or other low-voltage circuitry, and Ur ERS) 


the anode of gas discharge display panels, these monolithic high-voltage bi- 

polar integrated circuits dramatically reduce the number of discrete com- 

ponents previously required. The Types UDN-6144A, UDN-6164A, and 

UDN-6184A are used with multiplexed gas discharge display panels, such as 

the Burroughs Panaplex®, the Cherry Plasma-Lux, and the Beckman SP 
Series in calculator, clock, or instrumentation applications. Each driver 
contains appropriate level shifting, signal amplification, output off state volt- 
age bias, and 70mA output current sourcing for the sequent.al addressing of 
display panel anodes. The inputs include pull-down resistors for direct con- 
nection to open drain PMOS logic. 


The Type UDN-6144A contains four complete drivers, while the Type 
UDN-6164A contains six drivers and the Type UDN-6184A contains eight 
drivers. Applications with a greater number of digits may use any combina- 
tion of units for minimum package count. 


TYPE UDN-6184A 
(EIGHT DRIVERS) 


Applications 


| 


The devices can be used in a wide variety of low-level to high-voltage appli- 
cations. Their high reliability, minimum size, ease of installation, and low 
cost make them the ideal choice in many applications. A typical application 
showing the use of these devices, and their counterpart cathode drivers, is 
shown. 
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Due to the high input impedance of these devices, they are suscep- ; 


table to static discharge damage sometimes associated with handling 
and testing. Therefore, techniques similar to those used for handling 
MOS devices should be employed. (See Page 5-2). 


Yep 
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TYPE UDN-6144A, UDN-6164A, AND UDN-6184A (Cont'd) 
2 RRR TT AN TEP cE 


ABSOLUTE MAXIMUM RATINGS AT 25°C 


supply Voltage, VBB. sc... cin ae ogle ae a ere gt eee +120 V 
Input Voltage, VIN... .......c000.08. Me nn AG +20 V 
Output) Current,: IOUT: « sbse ais cs «atts Glee Haste oe oe oe, Se 70 mA 
Power Dissipation, Pp: 

UDN-GIA4/ GMAT sty oc 's % ccc tbemicid Aare oe See Cals SR aan a ene 1.0 W* 

UDN-BIBAA. «ok. cee wei ve ne a a olny os a 2 1.13 Wt 
Operating Temperature Range, Ta............. 0... cece eee ce eee 0°C to +70°C 
Storage Temperature Range, Ts..........0. ccc ceccecccecaece —65°C to +150°C 


*Derating Factor above 25°C: —8 mW/°C 
tDerating Factor above 25°C: —9.1 mW/°C 


PA RT| AL S CHEMATI C ONE OF FOUR DRIVERS (UDN-6144A) 


ONE OF SIX DRIVERS (UDN-6164A) 
COMMON BIASING NETWORK ONE OF EIGHT DRIVERS (UDN-6184A) 


OUTPUT 


OWG. No. A -O647, 


ELECTRICAL CHARACTERISTICS: Ta=+25C, Ves= +110V 
(unless otherwise specified) 


Characteristic Symbol Test Conditions 


Output ON Voltage Test input at 4.5y Other inputs at 0.5V, IOUT = 20mA 
Output OFF Voltage VorF Test input at 0.5V, One input at 4.5V All other inputs open, 


Reference Vep 
Input High Current | tin | Test input at 15V, Other inputs at OV 
Input Low Current 


Test input at OV, One input at 15V, All other inputs at OV 
Supply Current 


One input at 4.5V Other inputs at 0.5V, All outputs open, 
Repeat for all inputs 
All inputs at OV, All outputs open 


NOTES: 
1. All voltage measurements are referenced to Ground terminal unless otherwise specified. 
2. All voltage measurements are made with 1OM&, DVM or VTVM. 
3. Recommended Vgp operating range: +85V to 110V. 
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TYPE UDN-6144A, UDN-6164A, AND UDN-6184A (Cont'd) 


+110V +110V 


+ DWG. NO. A-9746A 
DWG. NO. A-9745A te 


FIGURE 1 FIGURE 2 


ONG. NO. A-9747,a 


FIGURE 3 FIGURE 4 


OPEN 


DWG. NO. A-97450 


FIGURE 5A FIGURE 5B 


TYPE UDN-6144A, UDN-6164A, AND UDN-6184A (Cont'd) 


TYPICAL APPLICATION 


DIGIT DRIVER 
UDN-6184A 
GN 


— ANODES —— 


8-DIGIT 
GAS DISCHARGE DISPLAY 
— CATHODES —— 


SEGMENT DRIVER 
UDN-7183A 


OVG. ho. ADENE 


TYPICAL SIX-DIGIT CLOCK 


UDN-7183 


a) wn Wy 
>= im 


ULN-6164 


MK 50250 


NT 
,INHIBI rl 
O O 


AMERICAN 
MAGNETICS 
AM6612 


SERIES UDN-7180A 


SERIES UDN-7180A 
GAS DISCHARGE DISPLAY 
SEGMENT DRIVERS 


FEATURES 


@ Reliable Monolithic Construction 
@ High Output Breakdown Voltage 
@ Low Power 

@ Minimum Size ohh tan 


Description 


Series UDN-7180A segment drivers are monolithic high-voltage bipolar 
integrated circuits for interfacing between MOS or other low-voltage cir- 
cuits and the cathode of gas-discharge display panels. 


These drivers reduce substantially the number of discrete components 
required with panels (Beckman, Burroughs, Dale, Matsushita, NEC, Pan- 
tek, etc) in calculator, clock and instrumentation applications. 


The UDN-7183A, UDN-7184A, and UDN-7186A drivers contain ap- 
propriate level shifting, signal amplification, current limiting, and output 
OFF-state voltage bias. The UDN-7180A driver requires external current 
limiting and is intended for higher-current applications or where individual 
outputs are operated at different current levels (i.e. with alpha-numeric 
displays). All inputs have pull-down resistors for direct connection to open- 
drain PMOS logic. 


All devices are customarily furnished for use with 12 to 25 V PMOS, 
CMOS, or other high-level output logic devices. 


These devices provide output currents suitable for display segments in a 
wide variety of display sizes and number of display digits. Either the fixed 
split supply operation or the feedback controlled scheme is allowed. 


Applications 


The series UDN-7180A drivers can be used in a wide variety of low-level 
to high-voltage applications utilizing gas discharge displays such as those 
found in calculators, clocks, point-of-sale terminals, and instruements. 
Their high reliability combined with minimum size, edse of installation, and 
the cost advantages of a complete monolithic interface make them the ideal 
choice in many applications. A typical application showing the use of these 
devices, and their counterpart anode drivers, is shown. 


These devices were formerly known under the Developmental No. UDD-7183 and UDD-7186. 


SERIES UDN-7180A (Cont'd) 


ABSOLUTE MAXIMUM RATINGS 
(Referenced to Terminal 9) 


Supply Voltages View Pasa c. 0 dict dg: <0 oe ere eee —120V 
Input Voltage, Vay... 800. io. seb... 4. ee ee ee +20V 
Output Currents lou, a ON 180A. 2 tt... 8. a A 20mA 
UDINE 7 183A. tA: cc ed Ree OL canes fee 3.25 mA 
UDIN-7 184A: e301. OO Ra Rae Oe he ce ae 2.0 mA 
DO N=71S0 Acq 6) 5: cnaneeeee © 3h ene By Seen or. 1.0 mA 
Power-Dissipation,-atiJ0C. Pyne sf. :... cacene . Deen OMe 725 mW* 
Operating Temperature Range;T,.. ...s..0./)........ MOA ee ee 0°C to +70°C 
Stocagestemperatuneshange, Tsoi.) d4:.... ch an bedek dev ves san ch —65°C to++ 150°C 


*Derate at the rate of 9.1 mW/°C above 70°C. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C, Vix = —l110 V 
(unless otherwise specified) 


Output ON Voltage Von 

UON-7183/84/86A 
UDN-7180A lon = 14mA 

Output OFF Voltage} Vor | All inputs at 0.5 V, 


—105 —108 — 


76 
Output Current All inputs at 15V, Vex = —110V, UDN-7183A only 
Output Current 


84 
lon | All inputs at 0.5 V, Vex = —110V, : 
Test output held at —66 V 3B |—95 —120 —155 | —65 -—85 —115} —50 0 
Input High Current Test input at 15 V, 
Other inputs at 0 V — 200 275 - 200 275 
lie 
ies PR re a | i 


Input Low Current Test input at 0.5 V, One input 
at 4.5 V, Other inputs at 0.5 V 5 = 
Supply Current All inputs at 0 V ~ 125 AS fore (25 4 5 


NOTES: 


1. All voltage measurements are referenced to pin 9 unless otherwise specified. 
2. All voltage measurements made with 10M, DVM or VTVM. 
3. Recommended Vx operating range: —85 to —110 V. 


pA 


Due to the high input impedance of these devices, they are suscep- 
table to static discharge damage sometimes associated with handling 
and testing. Therefore, techniques similar to those used for handling 
MOS devices should be employed. (See Page 5-2). 
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SERIES UDN-7180A (Cont'd) 


PARTIAL SCHEMATIC 


IN5852 - 
12) 


(a) 
mn 


ULN-6104 


MK 50250 


UDN-7183 
GBS980 


AMERICAN 
MAGNETICS 
AM6612 


DWG. No. A-975) 


TYPICAL SIX-DIGIT CLOCK USING TYPE UDN-7183A 


a=—19 


SERIES UDN-7180A (Cont'd) 


[ 


: 
L 


re -110V 


OWG. NO. A-9739A 
DWG. NO. A-973B4 


FIGURE 1 FIGURE 2 FIGURE 3A 


OWG. NO. AO74IA 


OWG. NO. A-9740A 


FIGURE 3B FIGURE 4 


OWG. NO. A-97424 


FIGURE 5 


FIGURE 6 
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GENERAL INFORMATION, INDEX TO ALL DEVICES, | 
INTERCHANGEABILITY GUIDE, HOW TO PLACE AN ORDER 


POWER/ PERIPHERAL DRIVERS 
DUALS AND QUADS TO 120V or 1.5A 


MOS AND BIMOS CIRCUITS 

SPECIAL CIRCUITS 

CUSTOM PACKAGING 

APPLICATIONS INFORMATION, PACKAGE DRAWINGS, 
THERMAL CHARACTERISTICS 
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Device Type Data Applications 
TPP-1000 and 2000 4-8] 

ULN-2001 thru 2025A 4-2 7-2, 6, 35, 42 
ULN-2001 thru 2015R 4-2 

ULS-2001 thru 2025H 4-1] 

ULS-2001 thru 2015R 4-1] 

ULN-2031 thru 2033A 4-22 7-6 
ULN-2031 thru 2033R 4-22 

ULS-2045H 4-24 

ULS-2045R 4-24 

ULN-2046A 4-24 

ULN-2046A-1 4-26 

ULN-2047A 4-27 

ULN-2054A 4-28 

ULN-2061 and 2062M 4-3] 7-24 
ULN-2064 thru 2077B 4-3] 1-0; 3¢ 
ULN-2081 and 2082A 4-42 7-6, 37 
ULN-2083A 4-43 

ULN-2083A-1 4-45 


Thermal 


Device Type 


ULS-2083H 
ULN-2086A 
TPQ-2221 thru 2484 
UDN-2580A 
UDN-2580R 


ULN-2801 thru 2825A 
ULN-2801 thru 2815R 
ULS-2801 thru 2815R 
UDN-2841 thru 2846B 
TPQ-2906 and 2907 


UDN-2956 and 2957A 
UDN-2956 and 2957R 
UDN-2981 thru 2984A 
UDN-2981 thru 2984R 
TPP-3000 


TPQ-3724 thru 3906 
TPP-4000 
TPQ-6001 thru 6700 


Data 


4-43 
4-45 
4.83 
4-46 
4-46 


4.50 
4.50 
4-60 
4-71 
4.83 


4-77 
4-77 
4-79 
4-79 
4-81 


4-83 
4-8] 
4-83 


Applications 


7-36 


7-36 


7-6, 39 


—_—_e ee ee 


Device Type 


UL()-2001 thru 2005A/H/R 
UL( )-2011 thru 2015A/H/R 
UL( )-2021 thru 2025A/H 
UL( 2031 thru 2054A/H/R 
ULN-2061M 

ULN-2062M 
ULN-2064/68/70B 
ULN-2067/69/71B 
ULN-20748 

ULN-20778 

ULN-2081A 

ULN-2082A 

UL( )-2083 thru 2086A/H 
UDN-2580A/R 

UL( )-2801 thru 2805A/H/R 
UL( )-2811 thru 2815A/H/R 
UL( )-2821 thru 2825A/H 
UDN-2841 and 2842B 
UDN-2843 and 28448 
UDN-2845 and 2846B 
UDN-2956 and 2957A/R 
UDN-2981 and 2982A 
UDN-2983 and 2984A 
TPP— 

TPQ— 


lout Vout 

500 mA 50 V 
600 mA 50 V 
500 mA 95 V 
Transistor Arrays 

1.75 A 50 V 
1.75 A 80 V 
1.75 A 50 V 
175A 80 V 
175A 50 V 
1.75 A 80 V 
200 mA 16 V 
200 mA 16 V 
Transistor Arrays 

—500 mA —50 V 
500 mA 50 V 
600 mA 50 V 
500 mA 95 V 
-1.75A —50 V 
—1.75A —50 V 
+1.75 A —50 V 
—500 mA —80 V 
500 mA 50 V 
500 mA 80 V 


Darlington Transistor Arrays 
Transistor Arrays 


Outputs 


Sink 7 
Sink 7 
Sink 7 


Source/Sink 2 
Source/Sink 2 
Sink 4 

Sink 4 
Source/Sink 4 
Source/Sink 4 
Sink 7 

Source 7 


Source 8 

Sink 8 

Sink 8 

Sink 8 

Sink 4 

Source 4 
Source/Sink 4 
Source 5 
Source 8 
Source 8 


Thermal 
4B 
1lE 
1A 
3A 
1A 


3A 
3A 


SERIES ULN-2000A 


SERIES ULN-2000A 


HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 


lisse high-voltage, high-current Darlington ar- 

rays are comprised of seven silicon NPN Darling- 
ton pairs on a common monolithic substrate. All 
units feature open collector outputs and integral 
diodes for inductive load transient suppression. Peak 
inrush currents to 600 mA (Series ULN-2000A and 
ULN-2020A) or 750 mA (Series ULN-2010A) are 
permissable, making them ideal for driving tungsten 
filament lamp loads. 


The Series ULN-2001A devices are general purpose 
arrays which may be used with standard bipolar digital 
logic using external current limiting, or with most 
PMOS or CMOS directly. All are pinned with out- 
puts opposite inputs to facilitate ease of circuit board 
layout and are priced to compete directly with discrete 
transistor alternatives. 


The Series ULN-2002A was specifically designed for 
use with 14 to 25 V PMOS devices. Each input has a 
Zener diode and resistor in series to limit the input 
current to a safe value in that application. The Zener 
diode also means excellent noise immunity for these 
devices. 


The Series ULN-2003A has a 2.7 kQ series base re- 
sistor. to each Darlington pair, and thus allows opera- 
tion directly with TTL or CMOS operating at a sup- 
ply voltage of 5 V. These devices will handle nu- 
merous interface needs — particularly those beyond the 
capabilities of standard logic buffers. 


The Series ULN-2004A features a 10.5k® series 
input resistor to permit their operation directly from 
CMOS or PMOS outputs utilizing supply voltages of 
6to 15 V. The required input current is below that of 
the Series ULN-2003A while the required input volt- 
age is less than that required by the Series ULN-2002A. 


The Series ULN-2005A is especially designed for 
use with standard and Schottky TTL where higher 
Output currents are required and loading of the logic 
output is not a concern. These devices will sink a 
minimum of 350 mA when driven from a “‘totem 


DW'G. NO. A-9594 


pole” logic output. Typical voltage and current 
levels for both the Series ULN-2003A and ULN- 
2005A are shown in the graphs, 


The Series ULN-2000A is the original high-voltage, 
high-current Darlington array. The output transistors 
are capable of sinking 500 mA and will sustain at 
least 5O V in the OFF state. Outputs may be paral- 


Device Type Number Designation 


90 V 90 V 95 V 
600 mA 


500 mA 500 mA 


Type Number 
ests rine’ | ULN-2001A | ULN-2011A | ULN-2021A 
Cane ULN-2002A | ULN-2012A 


Vce(max) 
C(MAX) 


ULN-2022A 


wii eet ULN-2003A | ULN-2013A | ULN-2023A 


ULN-2024A 


6. 15V 
cmos, pmos | ULN-2004A | ULN-2014A 
Mien Output | ULN-2005A } ULN-2015A 


ULN-2025A 


Series ULN-2000A and ULN-2010A devices are also available (with 
reduced package power capability) in industrial-grade hermetic 
packages. To order, change the last letter of the part number from ‘A’ 
to 'R’. Note that the high-voltage devices (BV-;-=95 V) are not present- 


ly available with this packaging option. 
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SERIES ULN-2000A (Cont'd) 
LE LL Le LT LE TT LL LD A ME I SI ENT TLE ASIP TST EARN DESTIN ALTE RO 


leled for higher load current capability. The Series All Series ULN-2000A Darlington arrays are fur- 
ULN-2010A devices are similar except that they will nished in a 16-pin dual in-line plastic package. 
sink 600 mA. The Series ULN-2020A will sustain These devices can also be supplied in a hermetic dual 
95 V in the OFF state. A table showing the specific in-line package for use in military and aerospace ap- 
type numbers available for the various applications is plications (with a slightly reduced power handling 
given on page 4-2. capacity). 


ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air Temperature 
for any one Darlington pair (unless otherwise noted) 


See Nice ASETICSTULINN-2000, ZULQA). cy 7 . WAld aovscthedctste: cry en we ev ppaces-ce deeurviate-eea buvtaternr eevee tecahs 50 V 
RSeresrUleN=7 020A) r-pemner mmrowrereniare comcast treater terrier eh 95V 

Saree orae Cav pt = CSCTIES~O LN 200257 Waa 204A) rate eh Re ey 30 V 
CS GEIGSa LIN ZOU OM. eneena hetrett lemeanmabe Te tee Meese Ser nce dancna.tis one Mteedlencses sarvevieechieameimnidinveaneetb.. 15V 

Continuous Collector Current, Ic (Series ULN-2000, 2020A)..0.0 0.00 eee ccc c cece eee b ec ee cece 500 mA 
(Series EN: 201 0A ain ae ist ban BAe ae i en eet nny 600 mA 

Bae reer aseuG UIT CAL gots. 1.4. Aa OU. meg! AID Ont) erat beet rococo eee ee ed eee ee 25 mA 
Mee mee aD Ty (ONne Darliigton pall} aseereceeiee ae ec ake eek ee eee eee 1.0 W 
CUA aC Kate) artes eee ee ee eee 8 a ine Bin 2.0 W* 

Sem imouainbieat> emperatuie-Ran eer Teepe re reer Memmi. bocce se ccehoecc ce. 0°C to +70°C 
eR EEL ALI E-RAN Cal cane tetera ee ed wo dew. leben... —55°C to +150°C 


*Derate at the rate of 16.67 mW/°C above 25°C. 


Under normal operating conditions, these devices will sustain 350 mA per output with Vce(sat) = 1.6 V at 70°C with a pulse width of 20 ms and a duty cycle 
of 34%. Other allowable combinations of output current, number of outputs conducting, and duty cycle are shown on page 4-8. 


PARTIAL SCHEMATICS 
oCOM r—Pt—ecom 


> COM 


OWG. No. A-9650 OWG. No. A-9651 
OWS. KO. A-9595 
Series ULN-2001A Series ULN-2002A Series ULN-2003A 
(each driver) (each driver) (each driver) 


oCOM 


OWG. MO. A-9898A ' G. NO. A-10. 228 
Series ULN-2004A Series ULN-2005A 
(each driver) (each driver) 
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SERIES ULN-2000A (Cont'd) 


SERIES ULN-2000A 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 


| 
| 
nm 
> 


Test | Applicable 

Characteristic Symbol | Fig. Devices Test Conditions 
Output Leakage Current | Icex 1A All Vee = 50V,T, = 25°C 
eS eae 

IB OT, Vw = 60 

Vee = 50V, Ta = 70°C, Viv = 1OV 

Collector-Emitter Veaennt tii2 =) nO -Suets bl 
Saturation Voltage Ee All =" Lb 
Input Current =e TS 
= 098135 

ULN-2004A 

es i 

TULN-2005A | Vin = 3.0V Wal feierast 

Tino | # | AN | te = 500uA, Th = 70°C 8 

Input Voltage Vinton 5 Vee = 2.0V, le = 300 mA —-, ae 
ULN-2008A == 

= ea 

Vee = 2.0V, Ic = 125mA me aadipe Set) 

ULN-200A [Vee=20V,le=200mA | — — 60 [V 

== 

Vers 20Viic= 30mA | ss BOVE 

ULN-2005A | Vce = 2.0V, Ic = 350 mA 


Transfer Ratio 

put Capactance «| Gua [= | EAN eee eae 
Furn-On Delay sicseua | tei vos wn | yA io Geb east0.0.5 ena 

Turn-Of Delay | tm | - | Al | 05 F,t005E., 

Pee Me Be NS carer ce 

Leakage Current 

Forward Voltage 
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SERIES ULN-2000A (Cont'd) 


SERIES ULN-2010A 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 


Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max.] Uni 
Output Leakage Current | — Icex 1A All Vee = 50V, Ta = 25°C —- = ; 
peel foeeiaic) Vee = 50V, T, = 70°C —-_ = 
iia 
| bora hess ees —— 


a 
n 


SAN | eee 
o1 

S| S| S 

ace tse Wee free) ft 
| mj Le] & 


or 
S 
=> 


Collector-Emitter Vce(sat) D All le = 200 mA, I, = 350 pA — ree Fe) 
Saturation Voltage eae Ic = 350 mA, Ip = 500 pA Bo 1) 3s G 
[ = 500 mA, Tp = 600 uA 
Input Current nwon) | 3 | ULN-2012A — 0.82 1.25 
ULN-2OTHA 
Pe ier ot 
es ar 
Tt tag ue =a 
ULN 201A mea 
vLAC aa 
Ver= 20, fe=350mA sp = 20 |] 
SS 
Vee = 20V,fe= stm 
D-C Forward Current ae 2 ULN-2011A ee S120 Vileyensod MAS to] 1000 Gene pila sol 
Tic ea a a PRCT: 
TTur-OnDely | tow | — | a 
Tum-OF Dey | tm | | Al] 05, 10056, =e 
Clamp Diode All Ve = 50V, Ty = 25°C = 50 
Clamp Diode Ve 7 All I; = 350 mA LE a 
) nL 2 


SERIES ULN-2000A (cont'd) 


SERIES ULN-2020A 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 
Applicable 


Characteristic Symbol alka 


Limits 

Test Conditions Min. Typ. Max.} Units 
Ver = S5V, Ta = 0 
Vee = $5V, Ta = 10% 


Devices 


Test 
Fig. 
Output Leakage Current | Ice 


TB | ULN-20228 | Vee = 95V, Ta = 10°C, Viv = 6.0V 
ULN-2024A | Vee = 95V, Ta = 10°C, Viv = 1.0V 


— 
=] 


3/3/</</<JS | SEITSTE 
>i > Dm} Le] Y| Le 


on 
cS 


— 0 
Collector-Emitter \esry cist ead All Ic = 100 mA, Is = 250 uA 
Saturation Voltage 
input Current Ino | 3 
ULN- 202 
Vn = 12 
Input Voltage Vawon | 8 
ULN-2023A 
== 30 
ULN-2000 ea 
Ve=20Vie=00mA «| — — 60 [V__ 
eae 
ee=20Vle= 38m | — 80 
ULN-2025A = 
fee eae ee 
Transfer Ratio 
input Capacitance [Ge [= [Af 
Turon ey | tw | - | Al [Ose,w05E, | — 0% 10 [us 
TTurn-OF Delay fm | — | AN | OSE, 1005 Ey 
tienen ||| beset = 
Leakage Current Ve = 95V, Ta = 10°C Sele 
Forward Voltage 
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SERIES ULN-2000A (Cont'd) 


OPEN VCE 


OWG. NO. A-9729A 


FIGURE 1A 


OPEN 


OWS. NO. A-9731 


FIGURE 2 


| DWG. MO. A-9733A 


FIGURE 4 


DWG. NO. A-9735A 


FIGURE 6 


TEST FIGURES 


i OWG. MO. A-9730A 


FIGURE 1B 


OPEN 


: DWG. NO. A-9732 


FIGURE 3 


OPEN 


OWG. NO. A-9734A 


FIGURE 5 


OWG. NO. A-9736 


FIGURE 7 


SERIES ULN-2000A (Cont'd) 


COLLECTOR CURRENT IN mA - Ic 
COLLECTOR CURRENT IN mA - Ic 


SATURATION VOLTAGE - VCE (SAT) INPUT CURRENT IN pA - VN 
OWG. NO. A-97548 DWG. WO. A-10,872A 
COLLECTOR CURRENT COLLECTOR CURRENT 
AS A FUNCTION OF SATURATION VOLTAGE AS A FUNCTION OF INPUT CURRENT 


DEVICE LIMIT - SERIES ULN-2010A 


NUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANEOUSLY 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT +70°C 


100 
° 
BER CENT DUTY CYCLE pepe npn AMBIENT TEMPERATURE Ms . : 
- NO. 753A 


PEAK COLLECTOR CURRENT 
AS A FUNCTION OF ALLOWABLE AVERAGE POWER DISSIPATION 
DUTY CYCLE AND NUMBER OF OUTPUTS AS A FUNCTION OF AMBIENT TEMPERATURE 
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SERIES ULN-2000A (Cont'd) 


INPUT CURRENT IN mA - lin 


INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 


INPUT CURRENT IN mA = lin 
INPUT CURRENT IN mA - lynx 


INPUT VOLTAGE - Vig, 


2M. NO. A-97474 


SERIES ULN-2002A 


A 


+t 


sie \ 
ho 


STANDARD OR 
SCHOTTKY TTL 


OPERATION WITH 
STANDARD OR 
SCHOTTKY TTL 


2.0 2 3.0 1) 4.0 ASS 5.0 5.3 6.0 Wee 2.0 74855) 3.0 ee) 4.0 
INPUT VOLTAGE = Vin ioe gance INPUT VOLTAGE - Viny 
My. NO. 10.25% 
SERIES ULN-2003A SERIES ULN-2005A 


4~9 


SERIES ULN-2000A (Cont'd) 


TYPICAL APPLICATIONS 


ULN-2002A 
Vcc +V 


PMOS 
OUTPUT 


OWG. No. A-9652 


PMOS TO LOAD 


Soh ULN-2004A 


CMOS = 
OUTPUT 


BUFFER FOR HIGHER CURRENT LOADS 


ULN-2003/05A 4 


TTL 
OUTPUT 


TTL TO LOAD 


ULN-2003A 
+V Ce . 


+V 


: : i; 
PBT | 
Pe | Sehr fli | Oe 


: 
Z 


i 
: 


é 


DwWG. NO. A-10, 175 


TTL 
OUTPUT 


USE OF PULL-UP RESISTORS 
TO INCREASE DRIVE CURRENT 
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SERIES ULS-2000H and ULS-2000R 


Caenneeree reer reer re eT ee ei aL a NL PRT TEE ESA BINT WAT 

SERIES ULS-2000H and ULS-2000R 
HIGH-VOLTAGE, HIGH-CURRENT 

DARLINGTON TRANSISTOR ARRAYS 


FEATURES 

@ TTL, DIL, PMOS, or CMOS Compatible Inputs 
@ Peak Output Current to 600 mA 

@ Transient Protected Outputs 

© Side-Brazed Hermetic Package, or 

@ Cer-DIP Package 

© High-Reliability Screening Available 

© Wide Operating Temperature Ranges 


(Gore ED of seven silicon NPN Darlington 

power drivers on a common monolithic sub- 
strate, the Series ULS-2000H and ULS-2000R ar- 
rays are ideally suited for driving relays, solenoids, 
lamps, and other devices with up to 3.0 A output 
Current per package. The _ side-brazed, 
hermetically-sealed Series ULS-2000H devices are 
rated for operation over the temperature range of 
—55°C to +125°C, recommending them for military 
and aerospace applications. The Cer-DIP, industrial 
grade hermetic Series ULS-2000R devices are rated 
for use over the operating temperature range of 
—40°C to + 85°C, allowing their use in commercial 
and industrial applications where severe environ- 
ments may be encountered. 


The twenty-five integrated circuits listed in this 
engineering bulletin permit the circuit designer to 
select the optimum device for his application. There 
are 2 packages, 5 input characteristics, 2 output 
voltages, and 2 output currents covered by the list- 
ings. The appropriate part for use in specific applica- 
tions can be determined from the Device Type 
Number Designation chart. Note that the high- 
voltage devices (BV..=95 V) are available in the 
Series ULS-2000H only. All units feature open col- 
lector outputs and integral diodes for inductive load 
transient suppression. 
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OWG. NO. A-9594 


All Series ULS-2000H arrays are furnished in a 
16-pin side-brazed dual in-line hermetic package 
which conforms to the dimensional requirements of 
Military Specification MIL-M-38510 and meets the 
processing and environmental requirements of Mili- 
tary Standard MIL-STD-883, Methods 5004 and 
5005. Series ULS-2000H arrays with high- 
reliability screening are described on page 4-2]. 


Device Type Number Designation 


90 V 90V 95 V 
900 mA 600 mA 900 mA 


General Purpose 
PMOS, CMOS ULS-2001*} ULS-2011*} ULS-2021H 
14 - 25V 
PMOS ULS-2002*} ULS-2012* | ULS-2022H 
5V 
TTL, CMOS ULS-2003*} ULS-2013* | ULS-2023H 


Vceqmax) 
C(MAX) 


6-15V 
CMOS, PMOS ULS-2004* ULS-2024H 


High Output 
TTL ULS-2025H 


ULS-2005* 


*Complete part number includes a final letter to indicate package. H = hermetic 
dual in-line, R = ceramic dual in-line. 


SERIES ULS-2000H and ULS-2000R (Cont'd) 
SSNS MET SE TET A ME a PRN TS IN RR ER ISG 


ABSOLUTE MAXIMUM RATINGS 


Output. Voltage, Ver (Series ULSa2000,010"). 2. chee an ue cette, ve: orice ee oe. 50 V 
(Series UIS#2020H Se" eee ee ne ee ee eee 95V 
Input*VoltagesV..{Series ULS-2002; 03,; 045) eeegercw emer te neues or Suen 30V 
(Series ULS-2005*)-~ .. Aovnrsccn eee eee viet sew ee eee 15V 

Peak Output Current, lou; (Series ULS-2000*, 20H) ...................... 500 mA 
(Series: ULS-2010*) ces. = ccs 0c 600 mA 

GrOUNG,.Fermingt iGUITeNE log acs. 2s 0.0 doc « « s pontet> tvs ANP eae ree J eee 3.0A 
Continues Inputs Currently rks chs facts asa ante ae eee eee 25 mA 
Power.Dissipation, Py (ane Darlington: pair). ... 3... os ..cieee oe ac ee 1.0 W 
(otal: package) s..34'ois%.4)se ee, oe See Graph, p 4-18 

Operating Temperature Range, T,(‘H’ package) ................ —55°C to +125°C 
CR package) '-3-7 = eure sree —40°C to +85°C 

aroragectemperature: Range lei cna. coun iis ee eee —65°C to +150°C 


PARTIAL SCHEMATICS 


> COM er, 


x 


a 


SOS SAS Sees k- ees = 
Series ULS-2001* Series ULS-2002* Series ULS-2003* 
(each driver) (each driver) (each driver) 


oCOM oCOM 


a 


G MO. A-10. 22m 


OWG. MO. A-98984 


Series ULS-2004* Series ULS-2005* 
(each driver) (each driver) 


*Complete part number includes a final letter to indicate package. H = hermetic dual in-line, R = ceramic dual in-line. 
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SERIES ULS-2000H and ULS-2000R (Cont'd) 


SERIES ULS-2000H and ULS-2000R 


ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Applicable Test Conditions 
Characteristic Symbol] Devices Min. Typ. Max. 


Output Leakage Current [Tx [al || Va = 50V Sid A 
a AUIS 2002 "7 fe IVs SOV, Vy = OV) BE — 00 
| ULs-2004" PT Ve = SOV Wy =I iB, — —_ 500 
Collector-Emitter Vea 
Saturation Voltage 
eS cS Fee eee ORES E 
TT = 30 mA, Ty = 500A 2 | — 175 TE 
+25% 
| Fesarect = aat--=— a 
[T= 200 mA, 1, = 350HAL 2 — 13 13 
— ey 
Input Current ie pL 2002 th] .——F Vane df — | ear er 590 U0 
EUS-2003"5] yi Vy = peoV Tr fes” | 075.5 930.1350 | 
ULS-2004* 
NS |S <a te 
Puss PV C«YS «T1800 2400 
non | A [Wax | = 500eA CP AT OC 
Input Voltage Vincon) ULS-2002* | Min. | Vie = 2V, 1, = 300mA | 5 [ — = 18 
[Max [Vir = 2V = 300m | 5 | —  — 13 
UIS-2005" Ve = b= mf S| — 334 
| pete: a EE |: 
Vee = 2V, Ip = 200 mA — — SIE! 
| Paste 
Se SE ah 
UIS-2004* Veoe AV lg 10 MTG) BB [ee pO [Ve 
Depare eV = e200 A Ma |e pee 8.0 Vd 
edn manent a 
SS 
Va = 2,1 = 200m [5] — — 60 |v] 
== 70 
|” Ree 
Sapa Pa Ec cee) Wh 8 Joey — a 
| Max. | Ve = 2V, Ip = 350 mA 
D-C Forward Current Nee ULS-2001* | Min. | Vo = 2V, I, = 350 mA 500 — — | —| 
famietate || axe reeset [fio =} 
‘input Capacitance [Cw | Al | +25 | ff eae 
fTurn-On Delay | tay TAT + 25°C | OSE, to 05 E, 4 — eroded eg IN ree | 
Turn-Off Delay ed (ees Ca cm pee a omer (0a Gal 
Clamp Diode Leakage Ve = 50V — — 50 bhA 
_ al el Sul 
Clamp Diode Forward V; ey 2.0 V 
[all se 


*Complete part number includes a final letter to indicate package. H = hermetic dual in-line, R = ceramic dual in-line. 
Note 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 

Note 2: The Iior) Current limit guarantees against partial turn-on of the output. 

Note 3: The Viyion voltage limit guarantees a minimum output sink current per the specified test conditions. 
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SERIES ULS-2000H and ULS-2000R (Cont'd) 


SERIES ULS-2010H and ULS-2010R 


ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Applicable Rani.  § 
sa [Nn Wa 
Gutput Leakage Curent | Ten [A [| Vg = SOV a] — 100 
| Ae eS a 
Collector-Emitter Veeisan be 1.8 2.1 
Saturation Voltage San = aaa = 1.6 1.8 

+250 =e BEE: 

je 

| eS sec ema =i 

input Curent low USO | V8 

| ULS-2013* | w= 3.853 67593801350 

ULS-2014* te 250350500] A | 

Vy = 12V | 3 [75010001450 | A 

Caso | 0 gO 50 — 2400p 

eS se 

Input Voltage Vinvon ULS-2012* { Min. | Vie = 2Vi tb = 900mA [5 | — a 23.9 

Td ee Ae ee a ee 

ULS-2013* 

Vera OV; Ie = 300 mA scp] sb hu] aa 

ie = 20 = 500m 5 | —. | eo 

itSca ces = a 

ULS-2014* 

SO Pesan Saat —po pe 

es 

aa SOOT 

Deseret 

TSI =| ae 

(en ee eT ee ee 

aan ee 

D-C Forward Current hee ULS-2011* [ Min. | Voe=2V, lo = 500mA | 2 | 450 — — | —] 

Hogi tate | ol S| in Poe es S| 

‘Input Capacitance | Cy PAN ese | a eee ee 

rTum-On Delay [tay LAs | OE, OSE, EP 20000 

‘Tum-Off Delay | tw | AN 25°C | OSE, to 0.5 Exe | | on) 250 000 Sy 

Clamp Diode Leakage ae Ve = 50V iia —_ = 50 
amt | 

Clamp Diode Forward V; = 17 2.0 

<a 


*Complete part number includes a final letter to indicate package. H = hermetic dual in-line, R = ceramic dual in-line. 
Note 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 

Note 2: The Ijyiorp) Current limit guarantees against partial turn-on of the output. 

Note 3: The Viyoy) voltage limit guarantees a minimum output sink current per the specified test conditions. 
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SERIES ULS-2000H and ULS-2000R (Cont'd) 


SERIES ULS-2020H 


ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Characteristic Symbol} Devices Fig. 

Output Leakage Curent Fae} — iss ser — Hi Eine 10 

ULS-20227 [| Ve = 95, Vy = OVE pe OOD 

us-20200 [| Vg = 85 HV | 1B] — 500] pA 

Collector-Emitter Veeisan | Ic = 390 mA, I, = 850A | 2 | — 1.6 1.8 

Saturation Voltage Saat Ss = 

ila AO mAdle= S00 Ht] ANID eal aloe Vo 

ae +25°C =e 

PT = SMA T= 500A | 2] — 16 18 | V_| 

ied Ic = 200 mA, |; = 350 uA 

Input Current low | _ULS-2022H [| | Ww=t7V 8 | 575 8501300 TA 

UIs-2023_[ Wy 88V Cd SO «ISO | 

Sa feo ___t 3 250350500 

75010001450 

Tusa y= 3V~S~*dY«S 5015002400 

oes i At | Wa [ = 50nd A 

input Voltage FR PS 

: Par | = 2c ee | 

UIS-2023H 

a sete — el ages § 3.6 

Sepet was 

STS 

 Aeteeae te = 

ULS-202Hh Case Ve a a 0a A 

vg = 2, I= 200 WANES |e |e BO 

DfEE = 

= Sa 

fete ae ee 

Vegi i2V 1p 1700 Ania | = Pe ODT] Vy 

== oe 

Vere aVlieo) mhglae | a ahve 

ULS-2025H = [Min] Voge = 2 V, Ie = 350.mA 5 ey or 30 TV 

fe CaS eT 

D-C Forward Curent | hz | UIS-2021H |_Min. | Ve =2V,1,=350mk | 2] 50 — — |— | 

ee Oe Senta 

(ial ote ot aie) — 6 8) 

Tum-On Delay | tw | Al] +25] O5E,t05e, [—|[— 0 1000 | ns 

Wum-Off Delay | te | A +25 | OSE, to0S En = === | — | — ~—s 250 1000:«Tsns 

Oa Ee calianaae 
Current 

Clamp Diode Forward V; |; = 350 mA ] — 1.7 2.0 V 
Voltage 


Note 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 
Note 2: The Ijcogf) current limit guarantees against partial turn-on of the output. 
Note 3: The Viyion) voltage limit guarantees a minimum output sink current per the specified test conditions. 
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SERIES ULS-2000H and ULS-2000R (Cont'd) 


OPEN VCE 


OWG. NO. A-9729A 


FIGURE 1A 


OPEN 


OWS. NO. A-9731 


FIGURE 2 


| ot OWG. WO. A-9733A 


OWG. MO. A-9735A 


FIGURE 6 


TEST FIGURES 


FIGURE 1B 


OPEN 


| OWG. MO. A-9732 


FIGURE 3 


OPEN 


VCE 


OWG. WO. A-9734A 


FIGURE 5 


OWG MO. A-9736 


FIGURE 7 
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SERIES ULS-2000H and ULS-2000R (Cont'd) 


SERIES ULS-2000H 


NUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANEOUSLY 


PEAK COLLECTOR CURRENT IN mA AT +50°C 
PEAK COLLECTOR CURRENT IN mA AT +75°C 


0 


0 20 40 60 80 100 
PER CENT DUTY CYCLE obi dearabiaers Fr PER CENT DUTY CYCLE tg) We Me Od 
PEAK COLLECTOR CURRENT AS A FUNCTION OF PEAK COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS AT +50°C DUTY CYCLE AND NUMBER OF OUTPUTS AT +75°C 


TT 


RECOMMENDED MAXIMUM CURRENT - SERIES 


FEAR LMILLEL TUR CURREINE TIN MA AT 
PEAK COLLECTOR CURRENT IN mA AT +125°C 


= 
NUMBER OF OUTPUTS NUMBER OF OUTPUTS ia 
CONDUCTING CONDUCTING 
‘SIMULTANEOUSLY SIMULTANEOUSLY 
PER CENT DUTY CYCLE Ls | eee PER CENT DUTY CYCLE Pare on 
PEAK COLLECTOR CURRENT AS A FUNCTION OF PEAK COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS AT + 100°C DUTY CYCLE AND NUMBER OF OUTPUTS AT + 125°C 
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PEAR COLLECTOR CURRENT IN nA AT -50°C 


SERIES ULS-2000H and ULS-2000R (Cont'd) 


(oe) 


SERIES ULS-2000R 


NUMBER OF OUTPUTS 


CONDUCTING 


SIMULTANEOUSLY 
U 20 


PER CENT DUTY CYCLE 
DWG. NO. A-10,883 


PEAK COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS AT +50°C 


ALLOWABLE PACKAGE 
POWER DISSIPATION 
SERIES ULS-2000H 
and ULS-2000R 


400 [BECOMMENDE 


PEAK COLLECTCR CURRENT IN mA AT -75°C 


0 


PER CENT DUTY CYCLE 


DWG. NO. A- 10,887 


PEAK COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS AT +75°C 


D IN WATTS 


ALLOWABLE PACKAGE POWER DISSIPATION, P 
° 


AMBIENT TEMPERATURE, Ty IN °C 
UNG. NO. A- 10.884 


SERIES ULS-2000H and ULS-2000R (Cont'd) 


COLLECTOR CURRENT IN mA- Ic 


MAXIMUM REQUIRED 
INPUT CURRENT 


0 200 400 600 
INPUT CURRENT IN pA - IN 


DWG. NO. A-10,872A 


COLLECTOR CURRENT 
AS A FUNCTION OF INPUT CURRENT 


COLLECTOR CURRENT IN mA - Ic 


SATURATION VOLTAGE - Vcr (SAT) 
DWG. NO. A-9754B 


COLLECTOR CURRENT 
AS A FUNCTION OF SATURATION VOLTAGE 


*Complete part number includes a final letter to indicate package. H = hermetic dual in-line, R = ceramic dual in-line. 


SERIES ULS-2000H and ULS-2000R (Cont'd) 


INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 


INPUT CURRENT IN mA - Iq, 
°o 


o 


E 
OPERATION WITH 
STANDARD OR 
SCHOTTKY TTL 


INPUT CURRENT IN mA = lin, 


3.5 4.0 4.5 5.0 535 6.0 
INPUT VOLTAGE - V,,, OG. MO. &- 10.225 INPUT VOLTAGE - Vin, OWG. MO. A 10. 224 


SERIES ULS-2002 SERIES ULS-2003 


A 
\ 


\\\ 


\) 
a\\ 
Wy 
Ws 
a a 
’ \ \ 

\ A AREA OF NORMAL 
OPERATION WITH 
STANDARD OR 
SCHOTTKY TTL 


INPUT CURRENT IN mA - liny 


0 
152.027.5300 een 
INPUT VOLTAGE - VIN : w 10.2 
INPUT VOLTAGE - Vjny 
DWG. NO. A-10,874 


SERIES ULS-2004 SERIES ULS-2005 
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SERIES ULS-2000H and ULS-2000R (Cont'd) 
AL a a er aN a Ie AE ED LD ESOL LO dS EE 
HERMETICALLY-SEALED 
DARLINGTON TRANSISTOR ARRAYS WITH MIL-STD-883 
HIGH-RELIABILITY SCREENING 


Hermetically-sealed Darlington arrays with high-reliability screening can be ordered by adding the suffix 
‘““MIL”’ to the part number, for example, ULS-2001H-MIL. If marking with the customers part number is 
necessary in place of the Sprague Electric part number, this must be stated on the purchase order with the 
marking desired. 


Table | — 100% Production Screen Tests (All Hermetic Parts) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.1 thru 3.1.6 


MIL-STD-883 
Screen Test Method Conditions 
Internal Visual 2010, Cond. B — 
Stabilization Bake 1008, Cond. C 150°C, 24 Hours 
Thermal Shock 1011, Cond. A 0 to 100°C, 15 Cycles 
Constant Acceleration 2001, Cond. E 30,000 G’s, Y1 Plane 
Fine Seal 1014, Cond. A 5 x 10’ Maximum 
Gross Seal 1014, Cond. C — 
Electrical — Per specification 
Marking — Sprague or customer part number, date code, lot 
identification, index point 
Table Il — 100% High-Reliability Screening (‘‘MIL’ Suffix Parts Only) 4 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.9 thru 3.1.15 and 3.1.18 
MIL-STD-883 
Screen Test Method Conditions 
Interim Electrical 5005, Gp A, Subgp 1 25°C per specification 
Burn-in 1015, Cond. A 125°C, 160 Hours 
Static Electrical 5005, Gp A, Subgp 1 25°C per specification 
5005, Gp A, Subgp 2&3 —55°C & +125°C per specification 
Dynamic & Functional Electrical 9005, Gp A, Subgp 4, 7 & 9 25°C per specification 
Fine Seal 1014, Cond. A 5 x 10°’ Maximum 
Gross Seal 1014, Cond. C — 
External Visual 2009 — 
Table Ill — High-Reliability Qualification and Quality Conformance Inspection 


MIL-STD-883, Method 5004, Class B, Paragraph 3.1.17 


MIL-STD-883 
Test Test Method Description 
Group A Subgp. 1-4,7 & 9 5005, Table | Each production lot 
Group B 5005, Table II Each production lot 
Group C 5005, Table Ill End points, Gp. A, Subgp. 1, every 90 days 
Group D 5005, Table IV End points, Gp. A, Subgp. 1, every 6 months 
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ULN-2031A, ULN-2032A, AND ULN-2033A 


TYPE ULN-2031A, ULN-2032A, AND ULN-2033A 
HIGH-CURRENT DARLINGTON 
TRANSISTOR ARRAYS 


PRAGUE TYPE ULN-2031A, ULN-2032A, and 

ULN-2033A High-Current Darlington Transis- 
tor Arrays are comprised of seven silicon Darling- 
ton pairs on a common monolithic substrate. The 
Type ULN-2031A consists of 14 NPN transistors 
connected to form seven Darlington pairs with NPN 
action. The Type ULN-2032A (hr = 500 min.) and 
the Type ULN-2033A (hpg=50 min.) consist of 
seven NPN and seven PNP transistors connected to 
form seven Darlington pairs with PNP action. All 
devices feature a common emitter configuration. 


These devices are especially suited for interfacing 
between MOS, TTL, or DTL outputs and 7-segment 
LED or tungsten filament indicators. Peak inrush 
currents to 100mA are allowable. They are also 


ideal for a variety of other driver applications such ONG. No. A.9202 geitsid iy 
as relay control and thyristor firing. ULN-2031A ULN-2032A 
Type ULN-2031A, ULN-2032A, and ULN-2033A ULN-2033A 


transistor arrays are housed in 16-lead DIP plastic 
packages which include a separate substrate connect- 
ion for maximum circuit design flexibility. 


ABSOLUTE MAXIMUM RATINGS at 25 C Free-Air Temperature 
(unless otherwise noted) 


Power Dissipation (anyone Darlington’pair).: 2... -E 8-0 endwes A lh ad... .... ate 500mW 
(total package) cici@rsre pay {Wels fb <f ole +B erantiad Ob vate cA « -< « clllcadineie Ria nnn 750mW 
Derating Factor Above 25. Cee 7 ov. oh csaus fap genes c «++ sche oe + alen eiainy Meokaces . eee alan 6.67mW/°C 
Ambient Temperature Range (operating), Tx... .0.. 2... ce.s. sree. eles e..wee  Oe ee 0C to +85C 
Storage: Temperature Ranger Te, rs cannes ace be ne oe ee e.  ee  e —55C to +125C 
Individual Darlington Pair Ratings: 
Collector-to-Emitter Voltage, Veco... oon. coc vce ce ens cure denne « ole ep lagtie ees utes sie oe on 16V 
Collector-to-Base Voltage; Ves nesters nt en nnn eee 40V 
Collector-to-Substrate Voltage: Vio. ja suc.ce.d aia si sdus'ess ele debe Pace be dic conte boo cored ctse code ck oie 40V 
Emitter-to-Base Voltage, Vigo 
Type ULN-2031A... ... (1.4.5 shgsiet. Ace Midd. hatieM, 28a 02; Be 5V 
Type: ULN-2032A -and-ULN-~ 20330 sap stererce-oresheev-enahemant erertoneer ei nie psl Soave cpeer pesmi nore ean 40V 
Continuous Collector Current, le. vic. hn dence dessetcccsacvseudescécvueueusecedsisas spe 80mA 
Continuous Base: Current) [oe i sc 6c. cc ioc uu csclees secu csc eue occ c’ua a «\ ale/uce 5. ciulleeeeeae Mae le snennnnnnnn 5mA 
NOTE: 


The substrate must be connected to a voltage which is more negative than any collector or base voltage so as to maintain isolation between 
transistors, and to provide normal transistor action. 


These devices are also available in industrial-grade hermetic 
packages with reduced package power capability. To order, change 
the last letter of the part number from ‘A’ to 'R’. 
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ULN-2031A, ULN-2032A, AND ULN-2033A (Cont'd) 


ELECTRICAL CHARACTERISTICS AT 25C 


Limits 
Characteristic Symbol Test Conditions M ax 


Collector-Base Breakdown Voltage Ic = 900uA 
Collector-Substrate Breakdown Voltage Ic = 500uA 
Collector-Emitter Breakdown Voltage 


Emitter-Base Breakdown Voltage BV eso le = 500uA 
Type ULN-2031A 
Type ULN-2032A and ULN-2033A 
D-C Forward Current Transfer Ratio hee Vee = 2V, Ie = 20mA 
Type ULN-2031A and ULN-2032A 
Type ULN-2033A 


Base-Emitter Saturation Voltage Vee(sar) Ic = 20mA, ls = 500uA 
Type ULN-2031A + 
Type ULN-2032A and ULN-2033A 4 fas 


Collector-Emitter Saturation Voltage Vest) 
Type ULN-2031A and ULN-2032A lc = 20mA, I, = 40uA 
lc = 80mA, Iz = lmA 


Type ULN-2033A lc = 20mA, Ig = 400uA 
lc = 80mA, I, = 2mA 


Collector Cutoff Current lceo Vee = 8V 
leo Ves = 10V 


| 
Oo] © 
oH 
= 
— 
= 


in. 
b 
40 


| 
> 
| 
an 


on 
oO 
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900 


or 
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ULS-2045H AND ULN-2046A 


TYPE ULS-2045H AND ULN-2046A TRANSISTOR ARRAYS 
(Three Isolated Transistors and One Differential Amplifier) 


‘THE ULS-2045H and ULN-2046A are general- 

purpose transistor arrays each consisting of five 
silicon N-P-N transistors on a single monolithic chip. 
Two transistors are internally connected to form a 
differential pair. Integrated circuit construction pro- 
vides close electrical and thermal matching between 
each transistor. 


These arrays are well-suited for a wide range of ap- 
plications such as: d-c to VHF signal processing 
systems; temperature-compensated amplifiers; 
custom designed differential amplifiers and discrete 
transistors in conventional circuits. 


Three package configurations are available. Type 
ULS-2045H is supplied in a hermetic 14-lead dual in- 
line ceramic package and is rated for operation over 


the military temperature range of -—55°C to The ULS-2045H transistor array is also available 


+ 125°C. Type ULN-2046A is electrically identical to 
the ULS-2045H but is supplied in a dual in-line 
plastic package rated for 0°C to +85°C ambients. 


in an industrial-grade hermetic package for operation 
over the temperature range of — 40°C to + 85°C. To 
order, change the ‘H’ in the part number to ‘R’. 


ABSOLUTE MAXIMUM RATINGS at 25C Free-Air Temperature 
(unless otherwise noted) 


ee 
TRANSISTOR 


ULN-2046A 


TOTAL TOTAL 
PACKAGE {TRANSISTOR | PACKAGE oS 


Power Dissipation: 


UG Bes gee Cpr rd 6 aay eres oe eee ane 300 750 

EE aan 
Derating Factor: 

tak cog ia Per Raa ee Se 6.67 

Tages SCRE Fee hei nu eke — mW /°C 
Collector;Base Voltage, Visricso «| 2: caress sttev dlvea sv eedaucveessy tot eee tl. eee) 0) 30V 
Collector-Emitter Voltage, Nipriceo «sch nls sp ilipn ora Pee eae lee oe ee oe, ge 20V 
Collector-Substrate’ Voltage, Visricio (See note 2) occ ele ee ee ts oe ce es 20V 
Emitter-Base: Valfagey.Vinmeso Neco ie bos sk beak Peed a eb Gos Bhelg woclllace altos pouuscgue Ol RMSIILII Gee sedelia utes tn 6V 
Collector Current, ere 2. RTs P65 socha soca et alee Wee yae ee sl ay 'd) a tues peepee enna ork gto ee 50mA 
Operating Temperature Range, Ta: 

Type: ULS-204 9H is 2s on aig S58 3 ek acne ed cee en —55°C to +125°C 

Type, ULN=204.64 ie: sasnmcaes de pieces. oA AR Bae ory eich Sil i ace tie el O°C to + 85°C 
Storage Temperature Rangertig 0 Pee & nce oot eRe eo Lee ee —65°C to +150°C 
Notes: 


1. The maximum ratings are limiting absolute vaiues above which the serviceability may be impaired from the viewpoint of life or satisfactory per- 
formance. The breakdown voltages may be far above the maximum voltage ratings. To avoid permanent damage to the transistor, do not 
attempt to measure these characteristics above the maximum ratings. 

2. Pin 13 is connected to the substrate. Thisterminal must be tied to the most negative point in the external circuit to maintain isolation between 
transistors and to provide for normal transistor action. 
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ULS-2045H AND ULN-2046A (Cont'd) 


STATIC ELECTRICAL CHARACTERISTICS at T, = 25C 


0 


Collector-Base Breakdown Voltage Ic = 110A, Ie = 20 60 

Collector-Emitter Breakdown Voltage Ic =ImA, Ip =O 15 24 

Collector-Substrate Breakdown Voltage Ic = 110A, Ic; = 0 20 60 
Enitter-Base Breakdown Voliage ie=TOuA, Te=0 
Vee=10V, fe=0 ROT SEO 

40 
0.23 
pa 
45 


y Units 


» 
oO 


oO 
Nn 


Collector Cutoff Current 


Static Forward Current 


hfe Ic = 10uA, Veg =3V 


Transfer Ratio 


Ic =10mA, Vce=3V 


Collector-Emitter Saturation VCE(SAT} Ic =10mA, Ig =1mA 
Voltage 
Base-Emitter Voltage VBE le = 1mA, Vce=3V 0.715 
le = 10mA, Vcp=3V 0.800 


Max. 
Input Offset Current for lhoi-lio2 ic=I1mA, VceE=3V fe) 2 
Matched Pair Q) and Q?2 

5 

5 


Vv 
V 
Vv 
n 

vi 

Vv 
Vv 
av 


Magnitude of, Input Offset VBeE1-VBE2 ic = 1mA, Vce=3V 0 
Voltage for Differential Pair 

ic = mA, Vce=3V 
ic=TmA, Vee=3V ; 
c= Ima, Vce=3V 0.45 5 

Temperature Coefficient of QVBE ie=1.mA,.VeE=aV. 

Base-Emitter Voltage AT 


Temperature Coefficient AVic Ic=1mA, Vce=3V 
Magnitude of Input-Offset Voltage AT 


Vv 
A 
A 

Vv 
A 

m 

m 


Magnitude of Input Offset 
Voltage for Isolated Transistors 


Vv 
Vv. 
Vv 


3 
< 


mV/~C 


5 

< 
te] 

oO 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25C 


Small-Signal Common-Emitter Ic=1mA, Vce=3V, f= LKHz 
Forward Current Transfer Ratio 
Small-Signal Common-Emitter le—ImA, Vce—3V, t= LKHz 
Short-Circuit Input Impedance 
Small-Signal Common-Emitter (cSimA Vce—3Vet= KHz 
Open-Circuit Output Impedance 
ic=1mA, Vce=3V, f= 1 KHz 1.8 x 10-4 
Voltage-Transfer Ratio 


S in. Typ. Max. 
hfe 
hie Shier 
hoe 15.6 
hre * io 
Gain-Bandwidth Product fr ie IMA VCE sy 300 550 
= Yfis VAIO Oe iiziaies | Waa EOS ree 
Collecor-to-Bave Capacitance fas ae=ONSIwAR ea eee 
Ceci 2.8 


Limits 


Small-Signal Common-Emitter 
Open-Circuit Reverse 


Collector-to-Substrate 


Vcs=3V, Ic =0, f= 1MHz 

Capacitance 

Noise Figure Ic = 100A, VceE=3V, Rg =1KY 
f= 1KHz, BW = 15.7KHz 


Note: 
Characteristics apply for each transistor unless otherwise specified. 


4-25 


ULN-2046A-1 


ULN-2046A-1 TRANSISTOR ARRAY 


The ULN-2046A-1 general-purpose transistor array 
consists of five silicon NPN transistors, two of which 
are connected as a differential amplifier. The mono- 
lithic construction provides close electrical and ther- 
mal matching between all transistors. 


Except as shown in the following electrical charac- 
teristics, the ULN-2046A-1 transistor array is identical 
to the ULN-2046A. 


Test Conditions 


lc = 10uA, Ie = 0 
lc = 1mA, |, = 0 


Ic = 10yA, Iq = 0 
Vep — 10V, le = 0 
Vce = 10V, I, = 0 


Static Forward Current 
Transfer Ratio 


NOTE: Pin 13 is connected to the substrate. This terminal must be tied to the most negative point in the external circuit to maintain isolation between 
transistors and to provide for normal transistor action. 
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ULN-2047A 


TYPE ULN-2047A TRANSISTOR ARRAY 
(Three Differential Amplifiers) 


TEAS ULN-2047A is a silicon NPN multiple transis- 

tor array comprising three independent differential 
amplifiers. It is specifically intended for use in switch- 
ing applications such as electronic organ keyboards. 
All base leads are brought out on one side of the 16- 
lead plastic dual in-line package to simplify printed 
wiring board layout. A separate substrate connection 
permits maximum circuit design flexibility. 


The Type ULN-2047A Transistor Array is supplied 
in a 16-pin dual in-line plastic package. 


OWG. NO. A-10, 231 


ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air Temperature 


Power Dissipation, Pp (any one transistor).....................0.0005. 300 mW 

(otal. DacKage) ante ee ee ee 750 mW* 
Operating Temperature Range, Ty..................... cece eae 0°C to +85°C 
Storage Temperature Range, Ts.................... eee eee —55°C to +150°C 


*Derate at the rate of 6.67 mW/°C above 25°C. 


ELECTRICAL CHARACTERISTICS at 25°C Free-Air Temperature 
Collector-Emitter Breakdown Voltage, BVceo (note 1) 


atl = MA Rothe Mawdeewt Bos ea a1 PAY ROTM 30 V Min. 
Emitter Cutoff Current, lego (note 2) 

CAN RS ae WES 8 Or Nek an aet OPe eee Oat Gar eT ORE ESA a ae eS 100 nA Max. 
Collector Cutoff Current, Ices (note 1) 

at Voge ZO wilde tom ee tee teens org eye ares tems et ee RTE 100 nA Max. 
D-C Forward Current Transfer Ratio, hr; (note 1) 

aVegraa2: Vielen Orem Ate ee etterre cine crn s, a ee ae 30 Min. 

AU oe ar ZV al cmt UNAM te eee ele orth Rivas. ade musearee es 75 Min. 
Differential Input Offset Voltage, Vio (note 1) 

at Vee = 2V, le = lee Saha SE eee ee ee 5 mV Max. 


NOTES: 
1. All other pins common to emitter of transistor under test. _ , : 
2. Base and collector of associated transistor connected to emitter, all other pins common to base of transistor under test. 


ULN-2054A 


TYPE ULN-2054A TRANSISTOR ARRAY 
(Dual Independent Differential Amplifiers) 


B hese ULN-2054A is a transistor array consisting of 

six silicon NPN transistors on a single monolithic 
chip. The transistors are internally interconnected to 
form two independent differential amplifiers. 


The ULN-2054A is intended for a wide range of ap- 
plications requiring extremely close electrical and ther- 
mal matching characteristics. Some applications are: 
cascade limiter circuits; balanced mixer circuits: bal- 
anced quadrature/synchronous detector circuits; bal- DWG. NO. A-8035A 
anced (push-pull) cascade/sense/IF amplifier circuits; Other features are: 
or in almost any multifunction system requiring RF/ 
Mixer/Oscillator, converter/IF functions. 


@ Input Offset Voltage — SmV max. 
@ Input Offset Current — 2 wA max. 
@ Voltage gain (single-stage double ended output) 


Available in a 14-lead dual in-line plastic package — 32 dB typ. 
the ULN-2054A is rated for operation over a 0°C to @ Common-Mode Rejection Ratio (each amplifier) 
+85°C ambient temperature range. — 100 dB typ. 


ABSOLUTE MAXIMUM RATINGS at 25C Free-Air Temperature 
(unless otherwise noted) 


Power Dissipation T, to + 55°C: 


Each Tronsistors § csi. os mcs osa"s a vrate g aatcey  obt boat epand Tolan att eee a es lee 300mW 

Total Package jin gan e vale Sa penal ra ae ek Le ts ee eee ae 750mW 
Derating'Factor, Total Package, Th>55°C. ee ee a 6.67mW /°C 
Collector-Base Voltage, Viericho =. ss. ese etree teeta Me SI ITE Sie) 20V 
Collector-Substrate Voltage, Visricio (See note 2) 4% ajse\.. W- weetin'd murniolenvtl aaiinedaetusticne one 20V 
Collector-Emittey Moltage, Viaricto. i... 6 swt ye tad wee pease uunys) dp ean cP ie. -0 07 ee 15V 
Emitter-Base Voltage, Visrje0 6. 0... oe keen eke ess cases soe LO SRORD gem! DSTO HOtKG Said eee 5V 
Collector Currents (6! sir cis hrses cite sand Re eats bse Seas eee a Oe Se 50mA 
Base Currently. 5. mat. sete ce tees cue eee theta whe le ge Re, HOLDS SPS SOR 5mA 
Operating; Temperature Range, Ta) |. ./_fs a) eee PE a ee el O0°C to + 85°C 
storage: Tempetature Ranges tia. isis sneeeee stn, Ae ee ce ae —65°C to +150°C 
Notes: 


1, The maximum ratings are limiting absolute values above which the serviceability may be impaired from the viewpoint of life or satisfactory 
performance. The breakdown voltages may be far above the maximum voltage ratings. To avoid permanent damage to the transistor, do 
not attempt to measure these characteristics above the maximum ratings. 

2. Pin 5 is connected to the substrate. This terminal must be tied to the most neggiive point in the external circuit to maintain isolation between 
transistors and to provide for normal transistor action. 
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ULN-2054A (Cont'd) 


STATIC ELECTRICAL CHARACTERISTICS: at Ta = 25C 


TNT IE 
| aE 
3 7 
[Collector Cutoff Current | ito «i «e100 CdESSCSCSCSCSCSC~SOCSA 
Vee V 


Base-Emitter Voltage 
Ic=1mA, Vcp=3V 0.715 0.800 
0.750 0.850 


Temperature Coefficient of Base-Emitter A VBE lc=I1mA, Vcp=3V mV / 
Voltage AT 
ile) 


le(Q3) = le(Qa) = 2mA, Veg =3V 


input Offset Voltage : ci) RECA 
input Offset Current [O10 | tet@s)=leiaa)=2ma, Veo=3V_ | SiC 
fo Wray REE eS 70 24 [pa] 


Ca Se ee Led 
1e(@3) = 2mA, Vcp=3V 0.98-1.02 iNet 
fe} 


Ic(Q1) 


Quiescent Operating Current Ratio 
lE(Q4)= 2mA, Vcp=3V 0.98-1.02 
aig. ON OT Fs srw as 89077) 
oN 


Temperature Coefficient 
Magnitude of Input-Offset Voltage 


DYNAMIC ELECTRICAL CHARACTERISTICS: at Ta = 25C 


Common-Mode Rejection Ratio CMR Vcc = 12V, VeE= — 6V, Vx =3.3V, 
For each Amplifier f = 1kHz (See figure 1) 
AGC Range, One Stage Vcc = 12V, VeE= — 6V, Vx =3.3V, 
Voltage Gain, Single Stage A 
Double-Ended Output 
AGC Range, Two Stage 
f = 1kHz (See figure 3) 
Vcc =12V, Vee= — 6V, Vx =3.3V, 
fe 
° 
re 
T 
N.F. 


f = 1kHz (See figure 2) 


Veo =12V, Vee= — 6V, Vx =3.3V, 
f = 1kHz (See figure 2) 
Vec=12V, Vee=— 6V, Vx =3.3V; 


A 
Double-Ended Output = 1kHz (See figure 3) 
Forward Current Transfer Ratio 
Small-Signal Common-Emitter Ic=1mA, Vce=3V, f= IkHz 
Short-Circuit Input Impedance 
Open-Circuit Output Impedance 
Open-Circuit Reverse 
Voltage-Transfer Ratio 
(for Single Transistor) 
Rg = 1KQ, BW = 15.7 kHz 
SES: | iia a 


Note: 
Characteristics apply for each transistor unless otherwise specified. 
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ULN-2054A (Cont'd) 
CEE LARS EL TS a A DT IE ET 


AMPLIFIER TEST CIRCUITS 


SIGNAL 
VIN=0.3Vims | SOURCE 


VIN=10MVims 


COMMON MODE REJECTION RATIO SINGLE-STAGE VOLTAGE GAIN 
Figure 1 Figure 2 


VIN=!™Vems 


TWO-STAGE VOLTAGE GAIN 
Figure 3 


ULN-2061M thru ULN-2077B 


TYPE ULN-2061M thru ULN-2077B 
1.5 A DARLINGTON SWITCHES 


HESE HIGH-VOLTAGE, HIGH-CURRENT 
Darlington arrays are monolithic bipolar devices 
especially designed for switching applications and may 
control loads of up to 480 watts (1.5 A per output, 
80 V, 26% duty cycle). 


The ULN-2061M thru ULN-2077B devices are in- 
tended for interfacing from low-level logic to periph- 
eral loads such as relays, solenoids, d-c and stepping 
motors, multiplexed LED and incandescent displays, 
heaters, and similar high-voltage, high-current loads. 


All standard types are specified with a guaranteed 
minimum output breakdown of 50 volts and a Vcgsus) 
limit of 35 volts (min) measured at 100mA. In addi- 
tion, all types are available with a minimum output 
breakdown of 80 volts; a guaranteed Vcgsys) of 50 
volts; and an output current specification of 1.5 A (sat- 
urated). Most types also include integral transient 
suppression diodes for inductive loads and inputs are 
compatible with TTL, DTL, LS TTL, 5V to 15 V 
CMOS, and PMOS. Isolated Darlington types are 
available for emitter follower or similar uses which do 
not allow common emitter versions. 


The dual driver Type ULN-2061/62M arrays are 
used for either common-emitter (externally connected) 
or emitter-follower applications. The ULN-2062M 
is the higher-voltage version of the ULN-2061M. 
Both of these devices are supplied in an 8-pin plastic 
mini-DIP package. 


Quad driver Types ULN-2064/65B and ULN-2068/ 
69B are intended for use with TTL, low-speed TTL, 
and 5 V MOS logic. For those applications requiring 
high gain (low input current loading), the ULN-2068/ 


69B are most suitable. The ULN-2065/69B are se- 
lected for the 80 V minimum output breakdown volt- 
age specification. 


The Types ULN-2066/67B and ULN-2070/71B are 
similar to the preceding quad driver types except that 
they are recommended for use with PMOS and 12 V 
CMOS logic. The ULN-2070/71B devices are for use 
where input current is restricted by MOS output rat- 
ings. 


Types ULN 2068/69B utilize a predriver stage re- 
quiring a 5 V supply rail; types ULN 2070/71B also 
incorporate the additional gain stage and utilize a 12 V 
supply (nominal). Use of these types reduces input 
drive requirements, while allowing the output to switch 
currents to 1.5 A. 


Isolated Darlington arrays, Type ULN-2074B thru 
ULN-2077B, are identical to the Type 2064B thru 
ULN-2067B, respectively, except for the isolated Dar- 
lington pin-out and the deletion of suppression di- 
odes. They are intended primarily for use in emitter- 
follower or similar isolated Darlington applications. 


All of the quad Darlington arrays (suffix ‘‘B’’ de- 
vices) are supplied in an improved 16-lead plastic dual 
in-line package with heat-sink contact tabs. A copper 
alloy lead frame allows maximum power dissipation 
with standard cooling methods. Further increases in 
package power dissipation can be obtained by attach- 
ing an external heat sink to the webbed leads. This 
unique lead configuration, originated by Sprague Elec- 
tric, allows easy attachment of the heat sink and yet 
permits the use of a standard IC socket or printed 
wiring board layout. 


ULN-2061M thru ULN-2077B (Cont‘ d) 


ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 
for any one driver 
(unless otherwise noted) 


Output Voltage eV cay ons oy Smee eee Oe oes see below 
Output Sustaining Voltage, Vegsys)......-. 02-0 ee. see below 
Output Current, loys (note 1)... 2.0... LJ5A 
Input Voltagenviy (note?) fae shee Oe see below : 
[Input Current+1,.(noteis)oos. ee ce ee 25 mA : 
Supply Voltage, V; (ULN-2068/69B).................. 10 V g 
CUEN2207 0/71 Baye rt a se eee 20 V < 
Total Package Power Dissipation (ULN-2061/62M).. .1.56 W* es 
(all suffix ‘B’ devices).......... 2.17 W* = 
Operating Ambient Temperature Range, T, = 
PORNO Sota 0°C to +70°C z 
Storage Temperature Range, T,......... —55°C to +150°C g 
*Derate linearly to 0 W at +150°C. 
Rosa Gdia 
80°C/W 12.5 mW/°C 
45°C/W 22.2 mW/°C 
37.5°C/W 26.7 mW/°C 
27.5°C/W 36.4 mW/°C 
AMBIENT TEMPERATURE IN °C oKG. NO. Ae10,362 
Type Number Vex ( Max.) Veeisus) (Max.) Vin (Max) Application 
seen 
ULN-2061M 50 V 35 V 30 V TTL, DTL, Schottky TTL, 
ULN-2062M 80 V 50 V 60 V and 5 V CMOS 
ULN-2064B 50 V 35 V 15V TTL, DTL, Schottky TTL, 
ULN-2065B 80 V 50 V 15V and 5V CMOS 
ULN-2066B 50 V 35 V 30 V 6 to 15 V CMOS 
ULN-2067B 80 V 50 V 30 V and PMOS 
ULN-2068B 50 V 35 V 15V TTL, DTL, Schottky TTL, 
ULN-2069B 80 V 50 V 15V and 5V CMOS 
ULN-2070B 50 V 35V 30 V 6 to 15 V CMOS 
ULN-2071B 80 V 50 V 30 V and PMOS 
ULN-2074B 50 V 35V 30 V General Purpose 
ULN-2075B 80 V 50 V 60 V 
ULN-2076B 50 V 35 V 30 V 6 to 15 V CMOS 
ULN-2077B 80 V 50 V 60 V and PMOS 
Notes: 


1. Allowable combinations of output current, number of outputs conducting, and duty cycle are shown on pages 4-38 and 4-39. 
2. Input voltage is with reference to the substrate (no connection to any other pins) for the ULN-2061/62M and ULN-2074/75/76/77B; reference is ground for all other types. 
3. Input current may be limited by maximum allowable input voltage. | 


ULN-2061M thru ULN-2077B (Cont’ d) 


TYPE ULN-2061M & ULN-2062M 


PARTIAL SCHEMATIC 


Dh. NO. A- 10,3524 


DWG. NO. A-10, 230A 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 


Test Applicable 

Output Leakage Current | Icex 
ULN-2062M 

een [ame 
esti | Rank| UCC] oO SS OAR [SOL 

CoTlector-Emitter Vensan Both 
Saturation Voltage 
ty Sere a est revere — al as — oe 
Input Voltage Pei 1D Sn PT 
Sas Goel an a a 
eS 9 Le FO PNT ED  E6 B 
Oey a | et wb] ete Co aee| ANTE, WOE ep | oS 
Clamp Diode a Ue aves Vy | | 
Leakage Current yond Ngee OU N ebae= (00 
ULN-2060M 

Scbaassa his wv Ti wee ae 

Clamp Diode V; Ec haa | ss aE RIT OM aw | 
frowedvote: || Frets ar 


ULN-2061M thru ULN-2077B (Cont‘d) 


TYPE ULN-2064B THRU ULN-2067B 


PARTIAL SCHEMATIC 


A 
hy 


OWG. NO. A-10, 353 


ULN-2064B 
ULN-2065B \ Rw = 3502 


ULN-2066B 
ULN-2067B \ Rw = 3k 


(SIMILAR TO ULN-2074B THRU ULN-2077B saomea B ae | 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 


Test Applicable 
Characteristic Fig. Devices Test Conditions 


nits 
Output Leakage Current l ULN-2064/66B | Vce = 50V - 


Ve=0VA= 100 | — 500 
Output Sustaining Voltage 


ULN-2065/67B | Voce = 80V 
Collector-Emitter 


Vce = 80V, Ty = 70°C 
Saturation Voltage 


Symbol 


ba 
S 
oe 


(om) 
<= Od i 


(a) 
m 
~*~ 


Vests 2 |_ULN-2064/66B | Ic = 100mA, Vm = 04V 
ULN-2065/67B | Ic = 100 mA, Vw = 0.4V 
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Input Current I non) ULN-2064/65B | Vw = 2.4V |. 2.0. 54a oee 
es Oe 

ULN-2065/678 

L Vig = 12V joe _| [2.7/5 

input Vala Vow [5 | ULN- 2064558 
[Vee= 20V,le= 15h || — eon (ovr 

UUN-2066/67B | Vee = 20V,le=10A | — 65 | Wo 

Vee 20V, lc=15A i] — “Tibor giai 

CcTimm-Of Delay. [ote oe | eR BA Os tole By = alae 
[Tum-Of Delay i | te | | All OSE, OBE, 1) OO 
Clamp Diode ULN:2004/66B | Ves Vii i) > 
Leakage Current eae | 
Clamp Diode V; 7 All 
Forward Voltage — 2.0 


ULN-2061M thru ULN-2077B (Cont’ d) 


TYPE ULN-2068B THRU ULN-2071B 


PARTIAL SCHEMATIC 


A 


th 3K 
DWG. NO. A-10, 354 
ULN-2068B 
ULN-2069B \ Rw = 2.5kQ2, Rs = 900Q 
ULN-2070B 
ULN-2071B } Rin = 11.6k9, Rs = 3.4kQ DWG: NO. A-10.310 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 
Vs=5.0 V (ULN-2068/69B) OR Vs-12 V (ULN-2070/7 1B) 


Test Applicable 
Characteristic Symbol Fig. Devices 


Test Conditions Units 


Output Leakage Current lcex l ULN-2068/70B } Vce = 50V 
Vce = 50V, Ta = 10°C 
ULN-2069/71B | Vce = 80V 

Vee = COV TA, = 10°C — 500 


Output Sustaining Voltage | Vcesus) 068/70B | Ic = 100mA, Vin = 0.4V 
ULN-2069/71B | Ic = 100 mA, Vin = 0.4V 


Collector-Emitter PES 2 | ULN-2068/60B | Ic = 500MA, Vw—24V 
Saturation Voltage Ic = /50 mA, Vin = 2.4V 
lc = LOA, Vin = 2.4V 
l= OA NWS 24 

lam 15 Ay Var eV = 15 
ULN-2070/71B | Ic = 500 mA, Vw = 5.0V 

lc = 150 mA, Vin = 5.0 V — 1eh3 
STOR Va BV 

lo = 125 A, Ving = 9.0.V — 1.4 


— 
= 
| 
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Ciamp Diode 
Leakage Current 


ULN-2069/71B 


4 ULN-2068/69B | Vin = 2.4V 
ULN-2070/71B | Vin = 5.0V 
=12V 
Supply Current Is Ic = 500 mA, Vin = 2.4 
[Turn-On Delay | stn | = TAM O05, to 0.5 Eow 
fe San 
ULN-2068/70B | Vp = 50V 
p= OV 
re = 80V, T, = /0°C 
Clamp Diode Ve ] 
fewrsvatoe || 


V 
V 


ULN-2071B 
Input Current 
U ce = 20 Vee LSA 
ULN-2070/71B | Vce= 2.0V,Ic=15A 
U 
Turn-Off Delay 9 Ein, to 0.5 Eour 
lp = 100A 


II 
le=LOA 
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ULN-2061M thru ULN-2077B (Cont’d) 


TYPE ULN-2074B THRU ULN-2077B 


PARTIAL SCHEMATIC 


E 


3K 


A 
i 


SUB 
OWG. NO. A-10, 355 


ULN-2074B 
ULN-2075B \ Rw = 3502 


ULN-2076B 
ULN-2077B i Ri = 3ke 


(SIMILAR TO ULN-2064B THRU ULN-2067B) 


OWG. NO. A-9766A 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 


[eee [ms [AE] [ns Peer 
Characteristic Symbol Fig. Devices Test Conditions Min. Max. | Units 
Output Leakage Current Icex l ULN-2074/76B 
Vee = 50V, Ta = 10% 

ULN-20/5/778 

! 

Output Sustaining Voltage | Vcesus) 2 
Be eee 
Collector-Emitter Veasan A [Te = S00mA,Ty = nk | — 10 | V__] 
Saturation Voltage 
penta 

“ULN-2074/76B 

Input Current Inow | 4 | ULN-2074/158 
a za 

ULN-2076/77B 

Son Aaya 

Input Voltage Ty 5 | ULN-20/4/75B mT 
ee Gee 

ULN-2076/77B 

[Turn-On Delay | te] CAM ~*déCOSE, OOS Eng 


ULN-2061M thru ULN-2077B (Cont‘d) 


TEST FIGURES 


OPEN OPEN 


'p 
Ic 
v 
DWG. NO. A-9729A ‘ 
OWG. NO. 10, 350 OWG. NO. A-10, 349 
Figure 1 Figure 2 Figure 3 
OPEN OPEN *R 


VIN Vee DWG. NO. A-9735A 
DWG. NO. A-9732 


Figure A DWG. NO. A-973UA Figure 6 


Figure 5 


Vs OPEN 


OWG. NO. A-9736 


Figure 7 


OWG. NO. A-10, 351 


Figure 8 


197 


ULN-2061M thru ULN-2077B (Cont’ d) 


ULN-2064/65B 
ULN- a 


Bae ee 


ULN-2061/62M 4 


7 
V 


IN 
> 


INPUT CURRENT IN mA - lin 
INPUT CURRENT IN mA - | 
oe 


Nee OF NORMAL 
OPERATION WITH 
STANDARD OR 
LOW-SPEED TTL 


eo 2.0 Zea 3.0 3.5 4.0 4.5 a0 5 
INPUT VOLTAGE - V 


8 
INPUT VOLTAGE - Ving Owe. WO. &- 10, 357 


IN OWG. NO. A-10, 363 


INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 


ULN-2062M 
ULN-2065/67B 
ULN-2075/77B 


ULN-2061M 
ULN-2064/66B 
ULN-2074/76B 


COLLECTOR CURRENT AS A FUNCTION 
OF INPUT CURRENT 


COLLECTOR CURRENT IN AMPERES - Ic 
° 
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ULN-2061M thru ULN-2077B (Cont‘d) 


ALLOWABLE PEAK COLLECTOR CURRENT 
IN AMPERES AT 70°C 


ALLOWABLE PEAK COLLECTOR CURRENT 
IN AMPERES AT 50°C 


U LN- 2062M 


| Sa ae 0 
0 20 40 60 80 100 


PER CENT DUTY CYCLE 


ALLOWABLE PEAK COLLECTOR CURRENT 
IN AMPERES AT 50°C 


ULN-2064 thru ULN-2077B 
WITH STAVER V-8 HEAT SINK 


PER GENT DUTY CYCLE 


PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE AND NUMBER OF OUTPUTS 


Wa. WO 


DWG. NO. A-10, 356 PER CENT DUTY CYCLE 


a-1C 295 


Sees 
Pea Ze 
ce 


ee) 


SATO) 

oO 

~ 

- WS ~ ae 
”n 

w 

a 

wi 

3 valle 

< 0.5 

Zz NUMBER OF OUTPUTS 


CONDUCTING 
SIMULTANEOUSLY 
ULN-2064 THRU ULN-20778 


ALLOWABLE PEAK COLLECTOR CURRENT 


0 20 40 60 80 100 


' DWG. NO. A-10, 360 


PER CENT DUTY CYCLE OvaMNO wa: (0. 361 


ULN-2064 thru ULN-20778 
WITH STAVER V-7 HEAT SINK 
27 .5°C/W 


ALLOWABLE PEAK COLLECTOR CURRENT 
IN AMPERES AT 50°C 


PER CENT DUTY CYCLE OWG. NO. A- 10. 400 
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ULN-2061M thru ULN-2077B (Cont’ d) 


ALLOWABLE PEAK COLLECTOR CURRENT 
IN AMPERES AT 70 C 


PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE AND NUMBER OF OUTPUTS 


ULN-2064 thru ULN-2077B 


WITH STAVER V-7 ULN-2064 thru ULN-2077B 


WITH STAVER V-8 


ALLOWABLE PEAK COLLECTOR CURRENT 
IN AMPERES AT 70 C 


PER CENT DUTY CYCLE DWG. NO. A-10, 399 PER CENT DUTY CYCLE OWS. NO. 4-10.40! 


TYPICAL APPLICATION 


OWG. NO. A- 10,359 


BIDIRECTIONAL MOTOR CONTROL 
(The Series ULN-2000A, Series UDN-2980A, and the other devices in this 
series are recommended for use with multiple-winding stepping motors) 
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ULN-2061M thru ULN-2077B (Cont’d) 


TYPICAL APPLICATIONS 


OA HA) oe bd on A AU AM AANA ddd OA bv) FA bd bn A A 


Peer AANA AN Ad Aldi did 


OWG. NO. B- 1364 


COMMON-ANODE LED DRIVERS 
(The Series UDN-2980A devices can also be used in similar applications for currents to 500 mA) 4 


A | oA AA OA HA EA OA Hd A AA bn OK OA 


r AMAAM AA cade d W| | b¥| oe) 8) AA A 


ULN-2064/66B 


OwG. NO. B- 1365 


COMMON-CATHODE LED DRIVERS 
(Types ULN-2068/70B are also applicable) 


ULN-2081A AND ULN-2082A 


TYPE ULN-2081A AND ULN-2082A 
GENERAL PURPOSE HIGH CURRENT 
TRANSISTOR ARRAYS 


PRAGUE TYPE ULN-2081A and ULN-2082A 
Transistor Arrays are comprised of seven high- 
current silicon NPN transistors on a common mono- 
lithic substrate. The Type ULN-2081A is connected 
in a common-emitter configuration and the Type 
ULN-2082A is connected in a common-collector con- 
figuration. 

Both arrays are capable of directly driving seven 
segment displays and LED displays. They are ideal 
for a variety of other driver applications such as relay 
control and thyristor firing. 

Type ULN-2081A and ULN-2082A are housed in 
16-lead DIP plastic packages which include a sepa- 


rate substrate connection for maximum circuit design val eats DWG. NO. A-90438 
arty ULN-2081A ULN-2082A 
MAXIMUM RATINGS 
Power Dissipation (any one transistor)... .. Sspeyeeets tia) Cha AcbeteRAREOO ............. 00 500mW 
(otal package).). 2<n/+mollaaw salirdeit beau -odienio.nos seaivab ARnO La ee 750mW 
Ambient:Lemperature Range (operating)®. ..5,..205 sae wat ee —40°C to +85°C 
Individual Transistor Ratings: 
Collector-to-Emitter Voltage, Veo vis i ssage sens «eet lee sis: ues eps Oh cee oe ek oe 16V 
Collector-to-Base Voltage, Vepowicss. wien seid ide suclolsnbecdecdlwuess5poccsbtoee Jee eee 20V 
Collector-to-Substrate Voltage, Veio sic. Flee eee re teas vio he vies o ciew ge ce ee 20V 
Emitter-to-Base Voltage! Vio... 4. ELE ob 0 Soe bibook 65 wring 8 buted «discce wa uy wdc ote /nue aetna OV 
Collecter, Guiremt, te Rahs. oc. bce dap eb ele ee Set ee) a oh 200mA 
Base-Gurrentr lp ret icc usncc sae Re ee Miike a! can 20mA 
NOTE: 


The collector of each transistor in the Type ULN-2081A and ULN-2082A is isolated from the substrate by an integral diode. The substrate must be 
connected to a voltage which is more negative than any collector voltage so as to maintain isolation between transistors, and to provide normal trans- 
istor action. Undesired coupling between transistors is avoided by maintaining the substrate terminal (5) at either d-c or signal (a-c) ground. An ap- 
propriate bypass capacitor can be used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS OF ALL TRANSISTORS at 25°C 


Test Conditions - 


Collector Cutoff Current Vce = 10V 
Veg = 10V 


ULN-2083A AND ULS-2083H 


TYPE ULN-2083A AND ULS-2083H TRANSISTOR ARRAYS 
(Five Independent NPN Transistors) 


iD aes for use in general purpose, medium 

current (to 100 mA) switching and differential 
amplifier applications, the ULN-2083A and ULS- 
2083H transistor arrays each consist of five NPN 
transistors on a single monolithic chip. Two transis- 
tors are matched at low currents (1 mA) making them 
ideal for use in balanced mixer circuits, push-pull 
amplifiers, and other circuit functions requiring close 
thermal and offset matching. 


A separate substrate connection permits maximum 
circuit design flexibility. In order to maintain isola- 
tion between transistors and provide normal transis- 
tor action, the substrate must be connected to a volt- 
age which is more negative than any collector voltage. 
The substrate terminal (pin’5) should therefore be 
maintained at either d-c ground or suitably bypassed 
to a-c ground to avoid undesired coupling between 
transistors. 


Two package configurations are available. The 
Type ULN-2083A is supplied in a 16-lead dual in-line 
plastic package for operation over the temperature 
range of 0°C to +85°C. This package is similar to 


OWG. NO. A-10. 232 


JEDEC style MO-O01IAC. The Type ULS-2083H is 
electrically identical to the ULN-2083A but is supplied 
in a hermetic dual in-line package for operation over 
the temperature range of —55°C to +125°C. This 
package conforms to the dimensional requirements of 
Military Specification MIL-M-38510 and can meet 
all of the applicable environmental requirements of 
Military Standard MIL-STD-883. 


ELECTRICAL CHARACTERISTICS AT 25°C Free-Air Temperature 


Symbol Test Conditions M 


in. 
[c= 100,A 70 
ler = 100A 
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ollector-Base Breakdown Voltage 
ollector-Emitter Breakdown Voltage 
ollector-Substrate Breakdown Voltage 
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mitter-Base Breakdown Voltage 6.9 ~ 
os = 10 
2 ee 

ase-Emitter Voltage Vee = 3V, Ic = 10mA 650 740 85 


- 400 700 


ollector-Emitter Saturation Voltage 


[. = 50mA. lp = 5mA 
Dre Ver = 3V, lc = 10mA 
Vee = 3V, Ic = 50mA 0 | 
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ifferential Input Offset Voltage* Vee = 3V, le = 1 mA 


ifferential Input Offset Current* Foie te Vee= 3V, le = 1mA 


*Applies only to transistors Q, and Q. when connected as a differential pair. 
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ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air Temperature 


SE IEATE IEE ha ( dU OG NSISUOl) aimed, chert ect vests Npdirwrencde actor nibincih-xceaietpe Marerara) olurnented eiehevererageneslionere 500 mW 
({Otal Gack ae emer een OR, we een SAP OB ee sc talebaed del te yoas 750 mW* 
Semeremrernnesarure Range, 1. lq (ULN-2US0A)e 4. mat ast eme- sede. bdete ts ee slectths eee: slept Serr ws 0°C to +85°C 
RULIS 220831) Mere cient SER Sean cipe ys by rhalsearh elas Pike bios —59°C to +125°C 

STOPEPEEEP BETAS RANGC | ote ese rer werecrerd Mb. s ee eter estag ere crag errer ies wees —55°C to +150°C 


*Derate at the rate of 6.67 mW/°C above 25°C. 


ULN-2083A AND ULS-2083H (Cont'd) 


TYPICAL STATIC CHARACTERISTICS as a Function of Collector Current 


D-C FORWARD CURRENT TRANSFER RATIO, hee 


0 
COLLECTOR CURRENT, Ic IN mA 


D-C FORWARD CURRENT TRANSFER RATIO 


5.0 10 20 
COLLECTOR CURRENT, Ic INmA 


BASE-EMITTER SATURATION VOLTAGE, VBE (SAT) IN. VOLTS 


BASE-EMITTER SATURATION VOLTAGE 


DIFFERENTIAL INPUT OFFSET VOLTAGE, Vio, IN mV 


0.2 05 10 d 
COLLECTOR CURRENT, Ic IN mA 


DIFFERENTIAL INPUT OFFSET VOLTAGE 


BASE-EMITTER VOLTAGE, Vee, IN VOLTS 


COLLECTOR - EMITTER SATURATION VOLTAGE, Vcgisar), IN VOLTS 


DIFFERENTIAL INPUT OFFSET CURRENT, lig IN mA 
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OMG. NO. A 10.236 


COLLECTOR-EMITTER SATURATION VOLTAGE 
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1. 3: 
COLLECTOR CURRENT, I, IN mA OW. NO. A= 10, 238 


BASE-EMITTER VOLTAGE 


05 10 20 
COLLECTOR CURRENT, Ic IN mA 


UMG. NO, a-10. Ji 


DIFFERENTIAL INPUT OFFSET CURRENT 


ULN-2083A-1/ULN-2086A 


ULN-2083A-1 
TRANSISTOR ARRAY 


This device is a general-purpose transistor array for 
use in medium-current switching and differential am- 
plifier applications. With the exception of the in- 
creased breakdown voltages shown below, the ULN- 
2083A-1 is identical to the ULN-2083A transistor 
array. 


Characteristic Symbol Test Conditions 


Collector-Base Breakdown Voltage lc = 100 uA 


Collector-Emitter Breakdown Voltage BV cto lc =1mA 


ULN-2086A 
TRANSISTOR ARRAY 


The ULN-2086A general-purpose transistor array 
consists of five silicon NPN transistors, two of which 
are connected as a differential amplifier. The mono- 
lithic construction provides close electrical and thermal 
matching between all transistors. 


With the exception of the collector cutoff current 
specifications listed below and the omission of guar- 
anteed limits on input offset voltage and input offset 
current, the ULN-2086A is identical to the ULN- 
2046A transistor array. 


Characteristic Symbol Test Conditions 


Collector Cutoff Current VeVi IOVe le Onnal | anda STUN ngMiA® gaits} 9q9 109 
Vee = 10V, I, = 0 ! 5.0 


NOTE: The substrate terminal must be tied to the most negative point in the external circuit to maintain isolation between transistors and to provide for 
normal transistor action. 


UDN-2580A 


UDN-2580A 8-CHANNEL HIGH-CURRENT SOURCE DRIVER 


ORIGINATING from a need to provide an interface 
from NMOS to high-current inductive loads, the 
UDN-2580A 8-channel source driver is very versatile 
and has been used as an incandescent or LED driver 
and as a power predriver. The device functions like a 
PNP amplifier, but an NPN Darlington has been ad- 
ded to provide suitable current gain. By switching the 
input low (made more negative), the output is turned 
ON and the load current is sourced from the com- 
pound output. 


Most NMOS logic includes depletion load and is 
capable of pulling the input of the UDN-2580A 
driver sufficiently high to turn OFF the device. For GNO [9 | 
those few instances where open-drain NMOS is to be 
used, or the depletion load is excessively high, exter- 
nal pull-up resistors may be employed. 


Although the UDN-2580A was chiefly intended for 
use with inductive loads, it will help solve many other 
design problems as well. When combined with the 
ULN-2068B quad 1.5 A driver, the UDN-2580A will 
effectively drive the segments of a common-cathode 
LED display. Alternatively, it may be employed as a 
digit driver with common-anode LEDs in combina- 
tion with a ULN-2804A Darlington array. Typical 
applications are shown on the following pages. 


The UDN-2580A 8-channel, high-current source 
driver is furnished in an 18-pin dual in-line plastic 
package with the outputs pinned opposite the inputs ONE OF 
for ease in circuit layout. This device is also available 
in an industrial-grade hermetic package with reduced ped aetbe 
package power capability by changing the last letter 
of the part number from ‘A’ to ‘R’. 


i 


, 


: 


OWG. NO. & 10.555 


Absolute Maximum Ratings at 25°C Free-Air Temperature 
for any Source Output (unless otherwise noted) 
Circuit voltages are referenced to circuit ground (pin #9) 
unless otherwise noted: 


Output Voltage, Vees. te. bt SL oes oe ee gee oe —50V 
Input Voltage, Vigo el ee | 0 Soi aaa eae eee ee —30V 
Output Current leurs otek kt toa the as ee —500 mA 
Ground Terminal Current) | cunt...) 601, SAO ee Le Ce 3A 
Operating Temperature Range, T,....................5. WA eee pig Ne 0°C to +70°C 
storage Temperathiré Range, Te. ..: .@-.,..'- Unitas .cWi ee hee oles —§5°C to +150°C 
Power Dissipation, Pp 

(Singre Output) sec! ric! key at Oey, eoieian Oe ya aegis att Che Qaieate 1.0 W 

(Total Package) ia). Cee alt ce. 0. a ee eee 2.25 W 


Derating’ Factor" f= ., celeb. eco oy ones 18.18 mW/°C or 55°C/W 
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UDN-2580A (Cont'd) 


ELECTRICAL CHARACTERISTICS at 25°C (Unless Otherwise Noted) 


Circuit voltages and currents are referenced to ground (pin #9) unless otherwise specified; V substrate iat 
—50V unless otherwise specified. 


Characteristic Symbol 


LV ceisus) 


Output Leakage 
Current 


Output Sustaining 


Voltage 


Input Current 


Input Current 


*Pulsed Test, Tp < 300us, Duty Cycle < 2%. 


Test Condition 


Vout = —50 V, hb a 25°C 
Vin = —0.5 V 
Vour = —50V, Ta = 70°C 
Vin = —0.4V 
lour = 25 mA (pulsed) 
Vin = —0.4V 
REFERENCE = —50 V 
lout = —100 mA, Vin = —24 
lout = —225 mA, Vin = —3.0 
lour = —350 mA, Vin = —3.6 
Vin = —3.6 V, lout = —350 mA 
= —15V, lour = 
Ic = 500 uA, Vour = —50V 
Ta.= 70°C 
le = 100 mA, Vout Sl] V 
Ie = 225 mA, Vour <1.8V 
Ic = 350 mA, Vour = 1.9V 
= —500 LA, Vout = —50 V 
Tk = 70°C 
Vsus = —DOV, Vour = —2.0V 
Ta = +70°C 
lr = 350 mA 
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UDN-2580A (Cont'd) 


TYPICAL APPLICATIONS 
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UDN-2580A (Cont'd) 


TYPICAL APPLICATIONS (Cont.) 


AC 
LOAD 


40 


300 


Tout 
mA 


oa 
uo 


200 


UDN-2580A 
+70°C AMBIENT 


100 


0 20 40 60 80 100 
DUTY CYCLE -% 


PEAK COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS AT +70°C 


Series ULN-2800A 


SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 


| oe SUITED for interfacing between low- 

level digital logic circuitry and high-power periph- 
eral loads, the Series ULN-2800A high-voltage, high- 
current Darlington transistor arrays feature peak load 
current ratings of 600 mA (Series ULN-2800A and 
ULN-2820A) or 750 mA (Series ULN-2810A) for 
each of the eight drivers in each device. Under the 
proper conditions, high-power loads of up to 4A at 
50V (200 W at 23% duty cycle) or 3.2 A at 95 V (304 W 
at 33% duty cycle) can be controlled. Typical loads 
include relays, solenoids, stepping motors, multiplexed 
LED and incandescent displays, and heaters. All de- 
vices feature open collector outputs and integral dio- 
des for inductive load transient suppression. 


The Series ULN-2801A devices are general purpose 
arrays which may be used with standard bipolar digital 
logic using external current limiting, or with most 
PMOS or CMOS directly. All are pinned with out- 
puts opposite inputs to facilitate ease of circuit board 
layout and are priced to compete directly with discrete 
transistor alternatives. 


The Series ULN-2802A was specifically designed for 
use with 14 to 25 V PMOS devices. Each input has a 
Zener diode and resistor in series to limit the input 
current to a safe value in that application. The Zener 
diode also means excellent noise immunity for these 
devices. 


The Series ULN-2803A has a 2.7 kQ series base re- 
sistor to each Darlington pair, and thus allows opera- 
tion directly with TTL or CMOS operating at a sup- 
ply voltage of 5 V. These devices will handle numer- 
ous interface needs — particularly those beyond the 
capabilities of standard logic buffers. 


The Series ULN-2804A features a 10.5 k series 
input resistor to permit their operation directly from 
CMOS or PMOS outputs utilizing supply voltages of 
6to 15 V. The required input current is below that of 
the Series ULN-2803A while the required input volt- 
age is less than that required by the Series ULN-2802A. 


O'G. NO. A-10.322 


The Series ULN-2805A is especially designed for 
use with standard and Schottky TTL where higher 
output currents are required and loading of the logic 
output is not a concern. These devices will sink a 
minimum of 350mA when driven from a “totem 
pole” logic output. Typical voltage and current 


Device Type Number Designation 


50 V 50 V 95V 
600 mA 500 mA 


500 mA 


Type Number 


| 


Vce(MAX) 
C(MAX) 


Series ULN-2800A and ULN-2810A devices are also available (with 
reduced package power capability) in industrial-grade hermetic 
packages. To order, change the last letter of the part number from ‘A’ 
to ‘R’. Note that the high-voltage devices (BVce = 95 V) are not 


presently available with this packaging option. 
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Series ULN-2800A (Cont’d) 


LTR TI I IN RU TTL I I TW SN AI IEE BON A A TRY NE ATION nay 


levels for both the Series ULN-2803A and ULN- 
2805A are show in the graphs on page 4-57. 


The Series ULN-2800A is the standard high-voltage, 
high-current Darlington array. The output transistors 
are capable of sinking 500 mA and will sustain at 
least 50 V in the OFF state. Outputs may be paral- 
leled for higher load current capability. The Series 
ULN-2810A devices are similar except that they will 
sink 600mA. The Series ULN-2820A will sustain 
95 V in the OFF state. A table showing the specific 


type numbers available for the various applications is 
given on page 4-50, 


All Series ULN-2800A Darlington arrays are fur- 
nished in an 18-pin dual in-line plastic package. Sim- 
ilar devices can also be supplied in a hermetic dual 
in-line package for use in military and aerospace ap- 
plications (with a slightly reduced power handling 
capability). 


ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air Temperature 
for any one Darlington pair (unless otherwise noted) 


emer nates ce CocrieS"ULN-2800P2310A) nore emer be ee 50 V 

(SSCL REZ YAN Wid: eit sih Weak eiiiy ria i ONG ae mee Ca eR ae Pham | 95V 

Same OlLaromy sc oclics ULN-2802, 2803 42B04A) eo tute Ph ba eames yeh evnrwedimesmecs hecoeces.. cc. 30 V 

PS EOSHURN 205A) cadence ace MAE ht OU Pe be Aneel) Pt! Ini.) 15V 

Continuous Collector Current, Ic (Series ULN-2800, 2820A)... 2000. e coco cbc cece bee ec cece 500 mA 

(Series ULN-2810A imeem Vase ete wee fake. de... eRe LD 600 mA 

(io ee TCL Py enna ae ae np eae a, 8 ome aaa NU A iit Se ies Mele er aeer ea 25 mA 
aoe ean issipauonsPp-(one Darlington’ pait)mrisaeeierea ieee crck frees Serres lobe et Ree 1.0 W 

CTEM ETA EA) SAME EB OS Senne eremte eh ene SNCS Lele oe, ee ee a 2.25 W* 


Operating Ambient Temperature Range, T, 
Storage Temperature Range, T; 


*Derate at the rate of 18.18 mW/°C above 25°C. 


Bs Decde, 1M al aon Beale 20 ERMA CoN MEELIS, -) SL 0°C to +70°C 
AE PEA SLD «eat Sain tra th tie Bin) S Se a OR a Os ke —55°C to +150°C 


Under normal operating conditions, these devices will sustain 350 mA per output with Vce(sat) = 1.6 V at 70°C with a pulse width of 20 ms and a duty cycle 
of 40%. Other allowable combinations of output current, number of outputs conducting, and duty cycle are shown on page 4.56. 


PARTIAL SCHEMATICS 


> COM 


OWs. RO. A-9595 


Series ULN-2801A 
(each driver) 


oCOM 


OWG. RO. A-9898A 


Series ULN-2804A 
(each driver) 


Series ULN-2802A 
(each driver) 


a 


DWG. No. A-9650 


oCOM oCOM 


OWG. Mo. A-9651 


Series ULN-2803A 
(each driver) 


" G. NO. A-10. 228 


Series ULN-2805A 
(each driver) 
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SERIES ULN-2800A 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 


Test | Applicable 
Characteristic Symbol | Fig. Devices Test Conditions Typ. Max. | Units 


Output Leakage Current} Icex 1A a = 50 Vat is: 2596 
Mees fe SENSI 


<< Ses C=; is ee | ee | << Pe = pel 


1B [_ULN-2802A BOY == 
ULN-2804A | Vce = av Th = 0 Vin = 1.0V 


c= 0mA, = BOA | 08 


= OA, = Se ad 
Input Current ULN-2802A | Vin = l17 V ; - i 
ULN-2803A | Vin = 3.85 V 0:93: 1.35 
ULN-2804A | Vin = 9.0 V = : 

Vin = 12V 

Tivo | # [AN | te = 800ak, Ta = 10% 


(Sa) 
la) 


Collector-Emitter 
Saturation Voltage 


Ic = 350 mA, Ip = 500 nA 
ULN-2805A | Vw = 3.0V 


input Voge Toe | 2 LUNAR [Ver = OV T= 00M ———[ 
[Wer = 20, le = 20m 5 al eee 
ULn-20088 [Vee=20V, le =250mA i = 2 
[a= 20¥,l.= 0k [= a 
ULN- 22048 
— 
ave 


Wyre] pe 
Solo] wm] ie 


Vee = 20V, lc = 275 mA 
Vee = 2.0V, Ic = 350 mA 
ULN-2805A | Vce = 2.0V, Ic = 350 mA 


ULN-2801A | Vee = 2.0V, Ic = 350 mA 1000 


ee Oi Ean 10 0:0, Be. ; % 1.0 
0.5 Es, 10:0.5 Eo, 0.25 1.0 
— = 00, Tyte260C 

=00V,T,.= 70°C — 100 


' = 350 mA — Li 


D-C Forward Current 

Transfer Ratio 

BS 
Ths) 


[Sis] 
| 
No Ses on 
S ab Pe Oo 


i) 
o 


Series ULN-2800A (Cont’ d) 


SERIES ULN-2810A 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 


Test | Applicable 
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. l 


Output Leakage Current] — Icex All Vee = 50V, Ta = 25°C 50 
Vce = 50V, Ta = 70°C 


ee l00 
IB | ULN-2812A | Vce = 50V, Ta = 70°C, Vw = 6.0 V 
ULN-2814A | Vez = 50V, Ta, = 10°C, Vw = LOV 


2 All lc = 200 mA, Is = 350 uA 
ie= 0A, = BO 
fat BA 


— 
> 


SS) el SS 
| >} S| HS] =. 
wn 


— 
Cw 


Collector-Emitter 
Saturation Voltage 


Vce(sar) 


le = 6 

Vn = 17 

ULNA [Vn = 38V OP (ORT | 

ULN-24A[Vw=50V0 | O88 | 

ULN-2815A 
lnniore, c = 500 uA, Ty = 70°C eres 


Tpit Vaag foal == 
ULN-2813A | Vce = 2.0V, Ie = 250 mA —- — 

Vee = 2.0V, le = 300 mA 

Vee = 2.0V, le = 500 mA -~ 

TIN 28144 =a 


= | 
D-C Forward Current Nee as 
Pr 


2 ULN-2811A | Vce = 2.0V, Ie = 350 mA 1000 - 
Vee = 20V, Ic = 500 mA Bi RDod cea 
Turn-On Delay tein . 


Input Current liNioN) 


2A ae sa fom a 


E 


> 


| 

Oa 
NJ] CO] PO] 
ey | at] 


CW} oo 
Sic) 


a 


es ee ee ee ee 
———All.---—| -0:5-E;s to-0.5-Esu — 0.25 1.0 [us 


a [All [05E, 05. 
Clamp Diode All Ve = 50V, Ta = 25°C eee 50 
Va = SV, Ts = 10°C 
Clamp Diode Lessee were aae 


Series ULN-2800A (Cont’ d) 


SERIES ULN-2820A 


ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise noted) 


[aca Po 
Test Conditions Min. Typ. Max.} Units 

l All Vee = 95V, Ta = 25°C —- —. 50 
alae pee su ae a 
Vee = 95 VT = 70°C Vin = 6.0V [4 egg 
Vee = OS VAT = 10°C; Vegi =nl.0-V+| ee 


Collector-Emitter Veesar) | 2 All — 09 11 
Saturation Voltage eS | OS fea =e — a res 
input Current re Ge 
ULN-2824R 
ULN 825A ee 
4 | AM | Te = S00 nA, Th = 70°C 90-05: eat 
Input Voltage Vinton) 5 Vee = 2.0V, Ie = 300 mA — eel 
ULN-2823A | Vce = 2.0V, Ie = 200 mA —- — 24 
a 
Vee = 2.0V, Ic = 300 mA ae 
ULN-Z804A = So 
Pes 20Vile= 20ma | = RO SV 
oe 
| Vee=20V,te= s50ma | = = 80 [V_| 
ST 

D-C Forward Current hee 2 ULN-2821A | Vce = 2.0V, Ic = 350 mA 1000 — .— 
[input Capactance [Cw oT | A Cid 
TTurn-On Delay [ee | - | All] O5e,t0058, «dL 0A 
TTurn-OF Delay [tw | ~ | All _| 05 6, 1005 Ean = 02510 
Clamp Diode All Ve SHS VET. =7259C — — 60 

Forward Voltage 


OWG. NO. A-9729A 


FIGURE 1A 

OPEN 

a 
prea: 
'p 

Ic 

Ve 

DWS. NO. A-9731 

FIGURE 2 
open CE 


i a DWG. NO. A-9733A 


FIGURE 6 


TEST FIGURES 


Series ULN-2800A (Cont’ d) 


FIGURE 1B 


OPEN 


DOWG. WO. A-9732 


FIGURE 3 


OPEN 


OWG. NO. A-9734A 


FIGURE 5 


OWG. WO. A-9736 


FIGURE 7 


Series ULN-2800A (Cont’ d) 


COLLECTOR CURRENT IN mA = Ic 
COLLECTOR CURRENT IN mA - Ic 


MAXIMUM REQUIRED 
INPUT CURRENT 


0 200 400 600 
SATURATION VOLTAGE - Vee (aq) INPUT CURRENT IN pA ~ 1) 
OWG. NO. A-97548 DWG. WO. A-10,872A 
COLLECTOR CURRENT COLLECTOR CURRENT 
AS A FUNCTION OF SATURATION VOLTAGE AS A FUNCTION OF INPUT CURRENT 


500 


8 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


NUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANEOUSLY 0. 


ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT +70°C 
e 
8 


40 60 
PER CENT DUTY CYCLE wiry AMBIENT TEMPERATURE IN °C WG. WO. A-10, 379A 


PEAK COLLECTOR CURRENT 
AS A FUNCTION OF ALLOWABLE AVERAGE POWER DISSIPATION 
DUTY CYCLE AND NUMBER OF OUTPUTS AS A FUNCTION OF AMBIENT TEMPERATURE 


Series ULN-2800A (Cont’ d) 


INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 


INPUT CURRENT IN mA = lin 
INPUT CURRENT IN mA = lyn 


INPUT VOLTAGE - Viny 
JW. WO. A-QBOIA 


SERIES ULN-2802A SERIES ULN-2804A 


N 
Oo 


= fe 
1.5 A\\ \\ 
| AW 


INPUT CURRENT IN mA = liny 


\ AREA OF NORMAL 

OPERATION WITH 
0.5 - STANDARD OR 
SCHOTTKY TTL 


AREA OF NORMAL 
OPERATION WITH 
STANDARD OR 
SCHOTTKY TTL 


6.0 es 2.0 AP 3.0 3.5 4.0 
INPUT VCLTAGE - Ving . ea: INPUT VOLTAGE = Vix 


SERIES ULN-2803A SERIES ULN-2805A 


Series ULN-2800A (Cont’ d) 


+Vss 


PLASMA 
DISPLAY H-v 


+82V 


PMOS 
OUTPUT 
at DWG. NO. A-10, 383 
OFF VOLTAGE BIAS FOR 
HIGH-VOLTAGE LOADS 
ULN-2804A 
QS See 
*Vpp >0 


234 


a 


2N4901 


| 
ELE E EIT IE 


CMOS = DWG. NO. A-10. 381 = 
OUTPUT 


BUFFER FOR HIGHER CURRENT LOADS 


+260V 


ULN-2803/05A 


pareeaeaeaearr 
zi 


ee 


aan 
Hele 


; 


100K 


OWG. NO. A-10, 382 


TTL 
OUTPUT 


TTL TO LOAD 


ULN-2813A 


aba 


Y ry Y 
; vy 
eae em ZN A a 


; 


OWG. NO. A-10, 384 


TTL 
OUTPUT 


USE OF PULL-UP RESISTORS 
TO INCREASE DRIVE CURRENT 
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Series ULN-2800A (Cont’ d) 


TYPICAL DISPLAY INTERFACE 


DIGIT DRIVER, 
1/2 ULN-2061M or 


1/4 ULN-2074/76B or 
1/8 UDN-2981/82A 


7-SEGMENT DISPLAY 
WITH DECIMAL POINT, 


COMMON-ANODE LED or 
HOT-WIRE READOUT 


TO OTHER 
DIGITS 


SEGMENT DRIVER, 
SERIES ULN-2800A or 
SERIES ULN-2810A 


DWG. NO. A-10, 378 
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SERIES ULS-2800H and ULS-2800R 


SERIES ULS-2800H and ULS-2800R 
HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 


FEATURES 

@ TIL, DIL, PMOS, or CMOS Compatible Inputs 
e Peak Output Current to 600 mA 

@ Transient Protected Outputs 

@ Side-Brazed Hermetic Package, or 

@ Cer-DIP Package 

@ High-Reliability Screening Available 

@ Wide Operating Temperature Ranges 


Dee for interfacing between low-level 

logic circuitry and high-power loads, the Series 
ULS-2800H and ULS-2800R arrays consist of eight 
silicon NPN Darlington power drivers on a common 
monolithic substrate. The choice of five input 
characteristics, 2 output voltage ratings (50 or 
95 V), 2 output current ratings (500 or 600 mA), 
and 2 package styles (suffix “‘H’ or ‘R’) allow the 
circuit designer to select the optimum device for any 
specific application. 

The side-brazed, hermetically-sealed Series 
ULS-2800H devices are rated for operation over the 
temperature range of —55°C to +125°C, recom- 
mending them for military and aerospace applica- 
tions. The cer-DIP, industrial grade hermetic Series 
ULS-2800R devices are rated for use over the 
operating temperature range of —40°C to +85°C, 
permitting their use in commercial and industrial 
applications where severe environmental conditions 
may be encountered. 


The appropriate specific part number for use in 
standard logic applications can be determined from 
the Device Type Number Designation chart. Note 
that the high-voltage devices (BV,;,=95 V) are 
available in the Series ULS-2800H only. Ail units 
feature open collector outputs and integral diodes 
for inductive load transient suppression. 


All Series ULS-2800H Darlington power drivers 
are furnished in an 18-pin side-brazed dual in-line 
hermetic package which meets the processing and 
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OWG. NO. A-10, 322 


environmental requirements of Military Standard 
MIL-STD-883, Methods 5004 and 5005. Series 
ULS-2800H arrays with high-reliability screening 
are described on page 4-70. 


Device Type Number Designation 


50 V 50 V 95V 
500 mA 600 mA 500 mA 
[Pipe Number 
General Purpose 
PMOS, CMOS ULS-2801* | ULS-2811*} ULS-2821H 
14 - 25V 
PMOS ULS-2802* | ULS-2812* | ULS-2822H 
5V 
TTL, CMOS ULS-2803* | ULS-2813* | ULS-2823H 
6- 15V 
CMOS, PMOS ULS-2804* | ULS-2814* | ULS-2824H 
High Output 
TTL ULS-2805* | ULS-2815* | ULS-2825H 


*Complete part number includes a final letter to indicate package. H = hermetic 
dual in-line, R = ceramic dual in-line. 


Vee, MAX) 
C(MAX) 


SERIES ULS-2800H and ULS-2800R (Cont'd) 
NE TEE LN LT IS IE NL IE NATE TO ARTA IS IIE 2 ERD ELD RRSP AT EA SIG RAND THETIC 


ABSOLUTE MAXIMUM RATINGS 


Output Voltage Vien(Series ULS-2800/110*) Sse) eee. Brig ew), oo 50 V 
YASIR Ee eee Ie cel Re 95 V 

laput Voltage, Vy.(Series ULS-2802903) 04%) tt Soocs..f. Sideolend ).... 30 V 
(Series UES-28058) 5. 2 Oe), Bee tik 15V 

Peak Output Current, Inu: (Series ULS-2800*, 20H) ...................... 500 mA 
(Sees: ULS-2810"); aot et VY, n/a, eee oD. 600 mA 

Ground Terminamcurent® (aa ce iV. MAG ve woe vy = 1k BO 3.0A 
Continuous Input.Current he. ©. eanvch Go bmsile do. a... eo 25 mA 
Power Dissipation, P, (one Darlington pair) .............. 0... ccc cee eee. 1.0 W 
(totalipackageywhiys. = ood mh oe ts ~ See Graph, p 4-67 

Operating Temperature Range, T,(‘H’ package) ................ —55°C to +125°C 
CRMGackage) aul aee ox. bs ple —40°C to +85°C 

Storage Temperature RangesTa a: AOU) e does —65°C to +150°C 


PARTIAL SCHEMATICS 


oCOM oCOM 


x 


cise atomtete aa re hag as ae 
Series ULS-2801* Series ULS-2802* Series ULS-2803* 
(each driver) (each driver) (each driver) 


oCOM 


G MO. A-10. 22H 


OWG. MO. A-9898A 


Series ULS-2804* Series ULS-2805* 
(each driver) (each driver) 


*Complete part number includes a final letter to indicate package. H = hermetic dual in-line, R = ceramic dual in-line. 


SERIES ULS-2800H and ULS-2800R (Cont'd) 


SERIES ULS-2800H and ULS-2800R 


ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Characteristic Symbol | Devices Fig.) Min. Typ. Max. | Units 
Tutput Leakage Curent oleae [oA oa] oc Nee = mn aA ea a= 
° Fgee fesse = a 

| ULS-2804* ft Vg = SOV, Vy = LV 

Collector-Emitter Veetsan SS Pee matt Seren =e 
Saturation Voltage 
FIC A, = 350A, Ty = 500 uA 

|, = 200 mA, |, = 350 uA — ee 

0 Penk staat b= ig 

— Lia 28 

Input Current Ion [uls-2802* [| Vy= UV [575 BOO 
Puis-2803* | [ Ww=385V | 3 | 675 9301350 

use SS it 
| Wy VS] 7801000 TSO | 
PuLs-2805* [w= SVC TSO 15002400 

[lio [| A] Max. | Ip = 500 A 4 | 2 eee 

Input Voltage Vivon | ULS-2802* [7 Min | Ve = 2V, 1, = 300mA | 5 | — _—_ ae 
T Max. | Ve = 2V, ly = 300 mA a 

US- 203" ene 

OO eS es er fe =a 

—— 

=e 

fee 

UIS-780F We 2V = mk [oo] = 

Wer = 2, [p= 200m | 5 

=e 

=a 

Cie = 20,5 = 200mA | 5s ea 

a 

We = 2VG = Om [S| sa rr 

UIS2a05" [Win | Vi, = 2V.1, = 350m 

eS Lava 

D-C Forward Current hee ULS-2801* | Min. | Voe = 2V, 1, = 350 mA 500 = — — | — | 
Tansee Rath [rh [ on vo ReRO Ve = 20 = ae Aa 
7BC | ae 
+25C | O.5E, toO:bb gy se p= |e erc Ue Oe 
+25°C | 0.5 E, to 05 Fae | — | ie 200 gL OOD 
Ve = 5OV pea — — 50 

cm eal 


*Complete part number includes a final letter to indicate package. H = hermetic dual in-line, R = ceramic dual in-line. 
Note 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 

Note 2: The liyog) Current limit guarantees against partial turn-on of the output. 

Note 3: The Viyon) Voltage limit guarantees a minimum output sink current per the specified test conditions. 
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SERIES ULS-2800H and ULS-2800R (Cont'd) 


SERIES ULS-2810H and ULS-2810R 


ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Applicable Test Conditions Limits 
Characteristic Symbol | Devices Min. Typ. 


Fig Max. | Units | 

Output Leakage Current] Io, | All [ [Ve =50V. [iA] — _ 100 | pA | 

ce aaa Pose] Sy = pe rt 

LULS-28147 | Ve = SOV Wy = IV IB 500 Tw | 

Collector Emitier Varun Pisses ert =e 

Saturation Voltage 

FO 

i, = 350 mA ly = 500 wh 

I, = 200mA, |, = 350A ate HbR 

| eSsrmee= meet f= — et 

ic = 350 mA, Ty = S00 HA 

I, = 200 mA, Ip = 350 uA 

put Curent ino [USBI | eV SP B80 Oa 

PUES=26135 | VELEN ISOS VT THON PST [67S] 9301350 A | 

ae Vw = 5) 250 350 500 

T= IZ | 75010001450] a 

UIs-2815" [Wy 80515002000 

| Iwo [A Max. | 1, = 500 uA a a 

Input Voltage Yon | ULS-2812* | Min. | Vo = 2V, = 500mA [5 [— ae TV 

OOS Maxt MSVoe = 2:V, lg S00 mA 5) || — —_ 17 

US-7813" S07 ES: 

| Pies re eS aes =— =e 

eee 0] Aa | meee ON | Ven 

C HeSa tema fe 0) ay 

=~ er 

US-2818* 5 eA: 

|” pert som 1 = = TRS 

Ve SOV, es sO fn) 8 

Sr are 

US-2815* 

OS Sarton} => 

ae =i ea 

Po Stem — p= 

PevomardCurrent =] Rvj) | ULS-2811%0[ 0" Min [Vee =/2N, I= S00mAT [20 | 450.7 — tof | 

Tansee || oe eee 228 { 000aep eae stem | 

eiercemence sei) Cy | — AT ee Se i — [7 te 

pluineOn Delays Ce] ty | AT eC OS Erm Ose, | T—|— . 250  1000.] ns. | 

FTum-Off Delay | tm | Al +25 | 05 Ey to 0.5 fm =| = 250 1000 [ ns] 

amp Diode Leakage Vee 150.V = ar 50 
cl a Ee 

Clamp Diode Forward | V, 

el a Sc eae 


*Complete part number includes a final letter to indicate package. H = hermetic dual in-line, R = ceramic dual in-line. 
Note 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 

Note 2: The Iogr) Current limit guarantees against partial turn-on of the output. 

Note 3: The Viy(oy) voltage limit guarantees a minimum output sink current per the specified test conditions. 
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SERIES ULS-2800H and ULS-2800R (Cont'd) 


SERIES ULS-2820H 


ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted) 


Applicable 

Output Leakage Current [lx [__AN [Ve = 95V A 0 A 

ecians raise | = ag = ip 500 

BUSS a a ee 

Collector-Emitter Veen 

Saturation Voltage 

FE 

Max. =n. }1. 6 

2 | nr 

i, = 100 mA, Ip = 250 uA | 2 

Input Current lnwon) © [-UES-2822H, [VN STV ee 575 CSO 

| Uis-2823H_ [Ww = 3.85V 0 3 67593801350 MA 

ULS-2824H 

75010001450 | uA} 

CUS T8H | ya T8500 240 J 

Wax [T= 00eA OO 

input Voltage Vivon | ULS-2822H | Min. | Va = 2V, 1, = 300 mA 

Wax. [Ve =2V,=300mA | 5 [—  — 

ULS-2823H V Vee = 2V, Ic = 200 mA 

0 PeSrctS are —— 36 

a 

= ae 

SS Pern = nom pe Sa 

ULS-2824H ea ee ee 

Vee = 2¥, Ie = 200mA..| 5) | — 

PWV = 275mA | 5 | 

= ee 

= aie 

a re ee Se 

PE ee 

US-T826H-|—Win | Ve = ZVI, = 300mA_—| 5 | — _— 3 

Wax [Ve = 21 = 50mk| 5 | — OV 

D-C Forward Current Nee ULS-2821H | Min. | Vie =2V,1, = 350mA | 2 | 500 —  — | — | 

rserce ioe om Ve = 2V 1 = 250mA [2 | 1000 

Toput Capacitance a7 [Ux =| Al) PSC ed | — 

TTurn-On Delay [ty | Al_| +25 | 05E,005t, | —| — 250 1000 | ns _ 

Tum-Off Delay ty AT 25°C POSE, to 05 Ee fp | 250 1000S arise) 

Fi eae Le NS 5 i | 
Current 

[ae ede ee eA ie 

Voltage 


Note 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 
Note 2: The Iyogp) current limit guarantees against partial turn-on of the output. 
Note 3: The Vion) voltage limit guarantees a minimum output sink current per the specified test conditions. 
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SERIES ULS-2800H and ULS-2800R (Cont'd) 


TEST FIGURES 


OPEN VCE 


OWG. NO. A-9729A 


FIGURE 1A FIGURE 1B 
OPEN 
OPEN 
hee = “ 
F © OPEN 
Ie 
Vv 
Cc 
= — = = | OWG. MO. A-9732 
OWS. NO. &a-9731 m 2 
FIGURE 2 FIGURE 3 
OPEN 
VIN Ic 
VCE 


| a OWG. HO. &-9733A 


OwWG. MO. A-9734A 


FIGURE 5 


OWG MO. &-9736 


OWG. WO. A-9735A 


FIGURE 7 


FIGURE 6 


SERIES ULS-2800H and ULS-2800R (Cont'd) 


SERIES ULS-2800H 


400 RECOMMENDE CURRENT - SERIES ULS-2800H AND ULS-2820H_ 


NUMBER OF OUTPUTS 
CONDUCTING 


NUMBER OF OUTPUTS 
CONDUCTING 


PEAK COLLECTOR CURRENT IN mA AT +50°C 
PEAK COLLECTOR CURRENT IN mA AT +75°C 


SIMULTANEOUSLY 0 SIMULTANEOUSLY 
U 20 40 60 20 100 0 20 40 60 80 100 
PER CENT DUTY CYCLE oe PER CENT DUTY CYCLE owe ee ate 
PEAK COLLECTOR CURRENT AS A FUNCTION OF PEAK COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS AT +50°C DUTY CYCLE AND NUMBER OF OUTPUTS AT +75°C 


NUMBER OF OUTPUTS bm 
0 
0 40 


Wi. NO. A- 10.377 PER CENT DUTY CYCLE vo. NO. A- 10,873 
PEAK COLLECTOR CURRENT AS A FUNCTION OF PEAK COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS AT + 100°C DUTY CYCLE AND NUMBER OF OUTPUTS AT +125°C 


PEAK COLLECTOR CURRENT IN mA AT +100°C 
PEAK COLLECTOR CURRENT IN mA AT +125°C 


) 0 A Z 
PER CENT DUTY CYCLE 
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FSO SSE TWA SVARGIWT FIN TAR AE POV 


0 


SERIES ULS-2800H and ULS-2800R (Cont'd) 


SERIES ULS-2800R 


NUMBER OF OUTPUTS 4 

CONDUCTING 

SIMULTANEOUSLY 

‘ 20 40 60 


PER CENT DUTY CYCLE 


DWG. NO. A- 10.870 


PEAK COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS AT +50°C 


ALLOWABLE PACKAGE 
POWER DISSIPATION 
SERIES ULS-2800H 
and ULS-2800R 


p IN WATTS 
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ALLOWABLE PACKAGE POWER DISSIPATION, P. 


PEAK COLLECTOR CURRENT IN mA AT +75°C 


PER CENT DUTY CYCLE DWG. NO. A 10.871 


PEAK COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS AT +75°C 


AMBIENT TEMPERATURE, Ta IN °C 


oWG. kO. 4- 10.879 


SERIES ULS-2800H and ULS-2800R (Cont'd) 


COLLECTOR CURRENT IN mA = Ic 


MAXIMUM REQUIRED 
INPUT CURRENT 


INPUT CURRENT IN A - TIN 


DWG. NO. A-10.872A 


COLLECTOR CURRENT 
AS A FUNCTION OF INPUT CURRENT 


COLLECTOR CURRENT IN mA = Ic 


SATURATION VOLTAGE - Veg (SAT) 
DWG. NO. A-9754B 


COLLECTOR CURRENT 
AS A FUNCTION OF SATURATION VOLTAGE 


*Complete part number includes a final letter to indicate package. H = hermetic dual in-line, R = ceramic dual in-line. 
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INPUT CURRENT IN mA - tiny 


SERIES ULS-2800H and ULS-2800R (Cont'd) 


INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 


0.5 so OF NORMAL 


INPUT CURRENT IN mA - jy) 


ary \S OPERATION WITH 
\\ STANDARD OR 
SCHOTTKY TTL 
0 
2.0 2.5 3. 


SERIES ULS-2802 SERIES ULS-2803 


Le) 
wn 


Dee ' iy 


ZB 


INPUT CURRENT IN mA = lin, 


Pm AREA OF NORMAL 
OPERATION WITH 
STANDARD OR 
SCHOTTKY TTL 


NS) 2.0 25 3.0 Sie) 4.0 
= Om. RO. ' 
ey eee Shin reine INPUT VOLTAGE - Vin, 


OWG. NO. A-10,874 


SERIES ULS-2804 SERIES ULS-2805 


SERIES ULS-2800H and ULS-2800R (Cont'd) 


HERMETICALLY-SEALED 
DARLINGTON TRANSISTOR ARRAYS WITH MIL-STD-883 
HIGH-RELIABILITY SCREENING 


Hermetically-sealed Darlington arrays with high-reliability screening can be ordered by adding the suffix 
‘*‘MIL’’ to the part number, for example, ULS-2801H-MIL. If marking with the customers part number is 
necessary in place of the Sprague Electric part number, this must be stated on the purchase order with the 
marking desired. 


Table | — 100% Production Screen Tests (All Hermetic Parts) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.1 thru 3.1.6 


MIL-STD-883 
Screen Test Method Conditions 
Internal Visual 2010, Cond. B — 
Stabilization Bake 1008, Cond. C 150°C, 24 Hours 
Thermal Shock 1011, Cond. A 0 to 100°C, 15 Cycles 
Constant Acceleration 2001, Cond. E 30,000 G’s, Y1 Plane 
Fine Seal 1014, Cond. A 5 x 107 Maximum 
Gross Seal 1014, Cond. C —_ 
Electrical oo Per specification 
Marking — Sprague or customer part number, date code, lot 


identification, index point 


Table Il — 100% High-Reliability Screening (‘“MIL” Suffix Parts Only) 
MIL-STD-883, Method 5004, Class B, Paragraphs 3.1.8, 3.1.9, 3.1.12 & 3.1.14 


MIL-STD-883 
Screen Test Method Conditions 
Interim Electrical 5005, Gp A, Subgp 1 25°C per specification 
Burn-In 1015, Cond. A 125°C, 160 Hours 
Static Electrical 5005, Gp A, Subgp 1 25°C per specification 
5005, Gp A, Subgp 2&3  —55°C & +125°C per specification 
Dynamic & Functional Electrical 5005, Gp A, Subgp 4, 7 & 9 25°C per specification 
Fine Seal 1014, Cond. A 5 x 107 Maximum 
Gross Seal 1014, Cond. C —— 
External Visual 2009 — 
Table lil — High-Reliability Qualification and Quality Conformance Inspection 


MIL-STD-883, Method 5004, Class B, Paragraph 3.1.17 


MIL-STD-883 
Test Test Method Description 
Group A Subgp. 1-4, 7 & 9 5005, Table | Each production lot 
Group B 5005, Table Il Each production lot 
Group C 5005, Table Ill End points, Gp. A, Subgp. 1, every 90 days 
Group D 5005, Table IV End points, Gp. A, Subgp. 1, every 6 months 
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Series UDN-2840B 


TYPE UDN-2841B thru UDN-2846B 
QUAD 1.5 AMPERE DRIVERS 


FEATURES 

@ Inputs Compatible with DTL/TTL/LS TTL/ 
CMOS/PMOS 

@ High Voltage Output: —50V 

@ High Current Gain 

@ Sink from Negative Supply: UDN-2841B/UDN-2842B 

@ Source to Negative Supply: UDN-2843B/UDN-2844B 

@ Sink & Source Combination: UDN-2845B/UDN-2846B 


ays HIS SERIES of quad Darlington based switches is 

especially designed for high-current, high-voltage 
peripheral driver applications. It is intended to pro- 
vide solutions to interface problems involving elec- 
tronic discharge printers, d-c motor drive (bipolar or 
unipolar), telephone relays, PIN diodes, LEDs, and 
other high-current loads operating from negative sup- 
plies. 


Types UDN-2841B and UDN-2842B are intended 
for sinking applications in which the load is connected 
to ground and the I.C. device switches the negative 
supply. The input PNP transistor in each driver ser- 
ves as a level translator and the first NPN stage 
provides sufficient current gain to drive the output 
Darlingtons. 


Type UDN-2843B and UDN-2844B quad drivers 
are primarily intended for switching the ground end 
of loads which utilize negative supply voltages. The 
NPN Darlington emitter follower outputs are operated 
as emitter followers in this application. 


Type UDN-2845B and UDN-2846B devices are 
sink-and-source combinations in a single dual in-line 
package. Either device can be used for bipolar switch- 
ing applications in which both ends of the load are 
floating. 

The UDN-2841B, UDN-2843B, and UDN-2845B 


1.C.s are intended for use with 5 V TTL, Schottky 
TTL, DTL,and CMOS logic. The UDN-2842B, UDN- 


DWG. NO. A-10,323A 


UDN-2841B, UDN-2842B, 
UDN-2845B, UDN-2846B 


OWG. NO. A-10,485 


UDN-2843B, UDN-2844B 


2844B, UDN-2845B, and UDN-2846B feature a higher 
input impedance and are intended for use with 8 V to 
15 V PMOS and CMOS logic. 


All types reduce component count, lower system 
cost, reduce circuit and board complexity, and provide 
solutions for many interface requirements. 


Series UDN-2840B (Cont’d) 


SCHEMATIC (each driver) 


COMMON TO R, 
ALL INPUT 


TRANSISTORS 


Diu. WO. A-10. 483A 


Resistor Values in kQ 
Amplifier 1 & 3 Amplifier 2 & 4 


Type Number 


UDN-2841B 
UDN-2842B 
UDN-2843B 
UDN-2844B 
UDN-2845B 
UDN-2846B 


NOTE: The substrate terminals must be tied to the most negative point 
in the external circuit to maintain isolation between transistors and to 


provide for normal device operation. 


ABSOLUTE MAXIMUM RATINGS at +25°C 
Free-Air Temperature for any one Darlington 
Output (unless otherwise noted) 


Output Voltage, Veeorr.....-.. AU. PE ae 50 V 
Output Sustaining Voltage, Vcgsus)........---- eee ee ee 35V 
Substrate Voltage, Vey,........ su .femorh Mah. Seer —50V 
‘Continuous Output Current, loyr..... 02... eee eee 175A 
Supply Voltage, Vs............. Speta VIS. toa See Table 
Input Voltage; Vy ............ Beton. eae al See Table 
Power Dissipation, Pp (one output)................ 2.25 W* 

(total package).............. 2./7 W* 


Operating Temperature Range, T, 
Storage Temperature Range, Ts.... 


*Derate linearly to 0 W at +150°C. 


Type Number 
UDN-2841B 


Vs (Max.) 


Vin( Max.) 


UDN-2845B 
UDN-2846B 


4—72 


Application 


TTL, DTL, 5 V CMOS; current sink 
UDN-2842B 15V 15V 8-15 V PMOS & CMOS; current sink 
UDN-2843B 10 V 10 V TTL, DTL, 5V CMOS; current source 
UDN-2844B 15V 15 V 8-15 V PMOS & CMOS; current source 
TTL, DTL, 5V CMOS; source & sink 
8-15 V PMOS & CMOS; source & sink 


RS Mer 0°C to +70°C 
2... —95°C to +150°C 


-V 


OWG. MO. A-10. 489 
OWG. WO. A-10. 490 


Current Sink Current Source 


Series UDN-2840B (Cont‘d) 


ELECTRICAL CHARACTERISTICS at Ta = 25°C (unless otherwise noted), 
See Applicable Test Figure for Conditions not Specified 


Characteristic Symbol Test Conditions Min. Typ. Max 


| 

| 
SS 
oO 


lex Vee = —OO0V, Vin = 0.4V, Ty = 25°C 


Output Leakage 


sym 
Current Vee = —90V, Vin = 0.4V, Ta = 70°C ~ — 500 
Voltage 
Output Saturation | Veesar lour = 500 mA ae Sa ky) 
Voltage iy lour = 1.0 A (Note 1) - — jd 
lour = 1.5A (Note 1) — — ii 
= 300500 
lour = 500 mA, UDN-2842/44/46B — 350 525 
Vinton) | lour = 1.5 A, UDN-2841/43/45B 
(Note 1) ae lour = 1.5, UDN-2842/44/46B ca 5515.0 
Supply Current ls lour = 500 mA, UDN-2841/42B, UDN-2845/46B (Note 2) 
oe lour = 500 mA, UDN-2843/44B, UDN-2845/46B (Note 3) 
Ri = 392, 0.5 Viy to 0.5 Vour = a0 
R, = 399, 0.5 Viv to 0.5 Vour - awe 5 0 


NOTES: 
1. Each driver tested separately, 
2. Drivers 1 & 3 (sink drivers) only. 
3. Drivers 2 & 4 (source drivers) only. 


POWER (WATTS) 


TEMPERATURE (°C) owe. to. 10. ussA 
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Series UDN-2840B (Cont'd) 


Veg = -40V 


VEE = -40V 


Veg = -40V Veg = -40V 4 


Vin = +2-4V (UDN-2841B) or +5.0V (UDN-28428) Viny = +2.4V (UDN-28438) or +5.0V (UDN-28448) 


DWG. NO. A-10. 487 DWG. NO. A-10, 486A 


TYPE UDN-2841B and UDN-2842B TEST CIRCUIT TYPE UDN-2843B and UDN-2844B TEST CIRCUIT 


VEE = -40V 


- - 
Veg = -40V 


VIN = +2.4V (UDN-2845B) or +5.0V (UDN-2846B) 
DWG. NO. A-10, 484 


TYPE UDN-2845B and UDN-2846B TEST CIRCUIT 
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ALLOWABLE OUTPUT CURRENT IN AMPERES AT +70°C 


ALLOWABLE OUTPUT CURRENT IN AMPERES AT +70°C 


NUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANEOUSLY IN 
FREE AIR 


40 60 
PER CENT DUTY CYCLE 


NUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANEOUSLY WITH 
STAVER V-7 HEAT SINK 


40 60 
PER CENT DUTY CYCLE 
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Series UDN-2840B (Cont'd) 


DWG. NO. A-10.583 


DWo. ND. A 10. Sau 


Series UDN-2840B (Cont'd) 


TYPICAL BIPOLAR MOTOR DRIVE APPLICATION 


UDN-=2845/46B 
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UDN-2956A and UDN-2957A 


TYPE UDN-2956A and UDN-2957A 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


OMPRISED of five common collector NPN Darl- 

ington output stages, the associated common base 
PNP input stages, and a common “enable”’ stage, 
Type UDN-2956A and UDN-2957A high-voltage, 
high-current source drivers are used to switch the 
ground end of loads which are directly connected to 
a negative supply. Typical loads include telephone 
relays, PIN diodes, and LEDs. Both devices will sus- 
tain output OFF voltages of —80 V and will source 
currents to —500 mA per driver. Under normal op- 
erating conditions, these units will sustain load cur- 
rents of —200 mA on each of the five drivers simul- 
taneously at ambient temperatures up to +70°C. 


The Type UDN-2956A driver is intended for use 
with MOS (PMOS or CMOS) logic input leveis oper- 
ating with supply voltages from 6 V to 16V. The 
Type UDN-2957A driver has appropriate input cur- 
rent limiting resistors for operation from TTL, Schot- 
tky TTL, DTL, and 5 V CMOS. With either device, 
the input and enable levels must both be pulled to- 
wards the positive supply to activate the output load. 


Integral transient suppression diodes allow these de- 
vices to be used with inductive loads without the need 
for discrete diodes. In order to maintain isolation be- 
tween drivers, the substrate should be connected to 
the most negative supply in any event. All input con- 
nections are on one side of the dual in-line package, 
output connections on the other side to simplify 
printed wiring board layout. 


The Type UDN-2956A and UDN-2957A high-volt- 
age, high-current drivers are supplied in 14-lead dual 


These devices are also available in 


OWG. NO. A-10, 229 


in-line packages conforming to JEDEC outline TO- 
116 (MO-001AA). On special order, hermetically- 
sealed versions of these devices (with reduced package 
power dissipation capability) can also be furnished. 


ABSOLUTE MAXIMUM RATINGS at 25°C 
Free-Air Temperature (reference pin 7) 


Supply-Voltager Vee mercer rer eres seri ees —80V 
Input Voltage, Vin (UDN-2956A).........0.0.0.0000. +20V 
(UDN 25957 A) sia atetessta ini ott +10V 

Output Gurrent#isgre# o NAPE OOS ONS). cans —500 mA 
Power Dissipation, Pp any one driver................ 1.0 W 
(total package)................ 2.0 W* 

Operating Temperature Range, Ta............ 0°C to +70°C 
Storage Temperature Range, Ts.......... —55°C to +150°C 


*Derate at the rate of 16.67 mW/°C above 25°C. 


industrial-grade hermetic 


packages with reduced package power capability. To order, change 


the last letter of the part number from ‘A’ to 'R’. 
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UDN-2956A and UDN-2957A (Cont'd) 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Venasie = Vin (unless otherwise specified) 
Characteristic Symbol Devices Test Conditions Limit 


Output Leakage Current | Icex | UDN-2956A | Vin = Venasie=0.8 V, Vour = —80V, T, = +70°C 
Vin 20-8: ViVennar aula Vy Vogenset ver aeeence 

Vin = LDV, Venasie = 0.8 V, Vour = —80V, T, = +I0C 

in = Venaste = 9.4 V, Vour = —80V, T, = +/0°C 

Vin = OSV, Venasiz = 3.85 V, Vour = —80V, T, = 470°C 


VIN a 85 V, VENABLE = 0.4 V, Vour = —80 V, 1% = 105G —200 pA Max 


Veesat) | UDN-2956A | Vin = 6.0V 00 —T.10 V Max 
Vin a 7.0 V, lour a 175 mA —l 25V Max 
Vin = 10V, lour = — 350 mA —1.60 V Max 


UDN-2957A | V : ut —1.10 V. Max 
Vin = 2.7 V, lour = —1/5 mA —1.25 V Max 


Collector-Emitter 
Saturation Voltage 


Output Source Current lour | UDN-2956A | Vin = 9.0V, Vour = —2.0V —125mA Min. 


Vin = 3.9 V, lour = —350 mA 
Input Current | UDN-2956A | Vin = 15V, Vour = —2.0V 
|" boone = sass py 
FT| EAU fi Tog = SOU aN Ta OT 
Vig = GOV Wet eae 
Vn = 7.0V, Vour = —2.0V 
=300 mA Min. 
UDN-2957A | Vin = 24V, Vour = —2.0V 
Vin = 3.3 V, Vour = —2.0V 
Vin = 3.6V, Vour = —2.0V 


Pe ee ed a 
Clamp Diode Ve ALL lp = 350 mA 2.0 V Max. 
[romervote | | p ati 


ONE OF FIVE DRIVERS 


R= 10.5 kn for UDN-2956A | 
R= 2.5kn for UDN-2957A | 


UDN-2956A ONLY, 


\ 


S55 S50 SS ea ee Sea eo ee See 


SUBSTRATE (8) 


DWG. NO. A-10,241B 
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SERIES UDN-2980A 


SERIES UDN-2980A 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


RECOMMENDED for applications requiring 

separate logic and load grounds, load supply volt- 
ages to +80 V, and/or load currents to 500 mA, 
Series UDN-2980A source drivers are used to inter- 
face between standard low-power digital logic and 
relays, solenoids, stepping motors, LEDs, lamps, etc. 


Under normal operating conditions, these devices 
will sustain 100 mA continuously on each of the eight 
outputs at an ambient temperature of +70°C anda 
supply of +15 V. All devices in this series incor- 
porate input current limiting resistors and output 
transient suppression diodes. 


The Type UDN-2981A and UDN-2983A drivers 
are for use with +5 V logic systems — TTL, 
Schottky TTL, DTL, and 5 V CMOS. The Type 
UDN-2982A and UDN-2984A drivers are intended 
for MOS interface (PMOS and CMOS) operating 
from supply voltages of 6 to 16 V. The UDN-2981A 
and UDN-2982A will sustain a maximum output 
OFF voltage of +50 V while the UDN-2983A and 
UDN-2984A will sustain an output voltage of 
+80 V. In all cases, the output is switched ON by an 
active high input level. 


The Series UDN-2980A high-voltage, high-current 
source drivers are supplied in 18-lead dual in-line 
plastic packages. They can also be supplied, with 
reduced package power capability, in military-grade 
hermetic packages to the processing and environmen- 
tal requirements of Military Standard MIL-STD-883, 
or industrial-grade dual in-line hermetic packages. 
To order, change the last letter of the part number 
from ‘A’ to ‘H’ or ‘R’, respectively. 
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- ‘i 


ne “as 


ala 


DWG. NO. A-10, 243 


ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 


Output Voltage, Vee (UDN-2981A & UDN-2982A).....+50V 
(UDN-2983A & UDN-2984A)..... +80 V 
Input Voltage, Vi, (UDN-2981A & UDN-2983A)..... +15V 
(UDN-2982A & UDN-2984A)..... +30 V 


OUIDUT CUITEDL, lourates cues too. os panto’ -...—500 mA 
Power Dissipation, Pp (any one driver)............... 1.1W 

(iotal package) i252 ees es 2.2 W* 
Operating Temperature Range, Ty........... 0°C to +70°C 
Storage Temperature Range, Ts..........—55°C to +150°C 


*Derate at the rate of 18 mW/°C above 25°C. 


SERIES UDN-2980A (Cont'd) 


ONE OF EIGHT DRIVERS 


INPUT 
G4) OUTPUT 

R = 3.0 kn for UDN-2981/83A 

GROUND (10) R = 8.5 kn for UDN-2982/84A 


OWG. NO. A-10, 242 


ELECTRICAL CHARACTERISTICS at T, = +25°C (unless otherwise specified) 


Applicable 
Characteristic Symbol Devices Test Conditions Limit 


Output Leakage Current UDN-2981/82A | Vm =0.4V,Vs = 50V,T, = +70°C 200 wA Max. 
T7V Max. 
UDN-2981/83A | Vw = 24V, lou; = —225mA 1.8 V Max. 
Vce(sat) 


Collector-Emitter 
Saturation Voltage 


Vin = 2.4V, lour = —350 mA 1.9 V Max. 
UDN-2982/84A Vin = 9.0 V, lour = —225 mA 1.8 V Max. 


UDN-2981/83A Vin = 2.4V 975 uA Max. 
Input Current Hee Wa = 3850 Mi 
UDN-2982/84A | Vw = 9.0V0 = CdS«B8O A Max 
Output Source Current lout UDN-2981/83A_ | Vn=24V,Ve=20V «| —350 mA Min 
UDN-2982/84A | Vin=5.0V,Vee=20V | —350 mA Min 
V — 


UDN-2981A ww = 2.4V (All Inputs), V; = 50 V 10 mA Max. 
ls UDN-2982A wn = 9.0 V (All Inputs), Vs; = 50 V 10 mA Max. 
F 


Supply Current 
(Outputs Open) . 
n= 5.0V (All Inputs), Vs; = 80V 
Clamp Diode n= O0 VV = OV 
Ve = 80V, Vin = OV 


Clamp Diode V ALL lp = 350mA 2.0 V Max. 
Forward Voltage 


UDN-2983A Vin = 2.4 V (All Inputs), V; = 80 V 10 mA Max 
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SERIES TPP 


SERIES TPP 
MEDIUM-POWER DARLINGTON ARRAYS 
In Dual In-Line Plastic Packages 


S PRAGUE Series TPP devices are medium- 

power Darlington arrays, consisting of 1, 2, 3 
or 4 discrete Darlington chips in a single 14-pin 
package. These devices complement Sprague’s 
Series TPQ quad transistor arrays. 


All of these devices are furnished in the in- 
dustry standard TO-116 (or MO-001AA) 14-lead 
dual in-line plastic package. The molded 
package is identical to that used in most con- 
Sumer integrated circuits and offers superior 


mechanical protection during insertion into 
printed wiring boards. 


TYPICAL RATINGS (Max.) 


Power Dissipation, Pp (total package)................ 2 W* 
Operating Temperature Range, Ty........ —§5°C to 125°C 
Storage Temperature Range, Ts.......... —65°C to +150°C 


“Derate at the rate of 15 mW/°C above T, = +25°C 


STANDARD RATINGS 


TPP-1000 TPP-2000 TPP- = 


Type Number 
TPP-4000 


Max. Total Power 
Dissipation, Pp 
@ 25°C 

BVoes @ 100 pA 
BVegq @ 100 pA 
BVe gq @ 100 pA 
logq @ 30 V 

leap @ 10 V 


Veg @ 1A, IMA 


Vee @ 1A, ImA 


Hee @ 500 mA, 5V 
@1A,5V 
@2A,5V 


| Max 


2 Watts 


40 Volts 
50 Volts 
12 Volts 
100 nA 
100 nA 
1.5 Volts Max. 
1.0 Volts Typ. 
2.0 Volts Max. 
1.6 Volts Typ. 


2K Min. 


4 Amps 


Additional information on these devices is available from Sprague 


Electric Co., 
Telephone 603-224-1961. 
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70 Pembroke Road, Concord, New Hampshire 03301, 


SERIES TPP (cont'd) 


DG. No. A-10.722 


TPP-4000 


OWG. No. A-10.781 


TPP-3000 


-- 10. 780 


TPP-2000 


OVG No. A-10.779 


TPP-1000 
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SERIES TPQ 


SERIES TPQ QUAD TRANSISTOR ARRAYS 
‘In Dual In-Line Plastic Packages 


HE SPRAGUE Series TPQ quad transistor arrays 
are general-purpose silicon transistor arrays con- TYPICAL RATINGS (Max.) 
sisting of four independent transistors. Shown are Power Dissipation, Pp 
eight NPN types, five PNP types, and nine NPN/PNP (Gach trarisiStOr) emer ertt eer. oes. te ce 500 mW 
dual complementary pairs. (total package) Smet g ce eho id 1700 mW* 
All of these devices are furnished in the industry Qperating Temperature 

standard TO-116 (or MO-001AA) 14-lead dual in-line Range anes svar en me eae, Se 0°C to +85°C 
plastic package. The molded package is identical to Storage Temperature 
that used in most consumer integrated circuits and Rangestoun -: tame weren ee a —65°C to +150°C 
offers superior mechanical protection during insertion 


into printed wiring boards. *Derate at the rate of 1.79 mW/° C above Ta=+955° C 


STANDARD RATINGS 
By @° BY Ge ete lepo D-C Current Gain, hee fr Cs, Vee(sar) 


nA Limits @ Ile & Vce MHz pF mV @ Ic Similar 

Type No. Min. Min. Min. Max. Min. Max. mA  V- Min. Max. Max. mA _ Discrete Devices 
Four NPN Devices - Figure 1 
TPQ2221 60 40 5 50 40 — T5010 == 200 oe CU U0 e150 2N2221 
TPQ2222 60 40 5 50 100 — 1500 2200 SS Oe 4002s 150 2N2222 
TPQ2483 60 40 6 L0eee 1000. = 0.1 5 5Ogearocd SoU me LO 2N2483 
TPQ2484 60 40 6 20 20 — 0.1 5 OU Smo. sou sen 1.0 2N2484 
TPQ3724 50 30 S 500 35 — 1008 Sl. > 2505 80768450 500 2N3724 
TPQ3725 60 40 5 500 Jee 2 00 en Oe 250 rer :0 450 500 2N3725 
TPQ3725A 70 50 3 500 40 — 100 200 ns 450 500 2N3725A 
— 4 


TPQ3904 60 40 50 lie 10 250 200 ~=s:10 2N3904 
Four PNP Devices - Figure 2 
TPQ2906 60 40 50 40 150 10 200 400 150 2N2906 


5 — 8.0 
TPQ2907 60 40 5 50 100 — T5005 91075 200 Fees:0 5 4005 1150 2N2907 
TPQ3798 60 40 5 10-150 -----— 0.1 5 60 4.0 250 = —=1.0 2N3798 
TPQ3799 60 60 5 10 300 — 0.1 5 60 4.0 250 #3810 2N3799 
TPQ3906 40 40 5 50 1h 10 1200 2 4.5 250 ~=10 2N3906 
Two NPN/Two PNP Devices - Figure 3 
TPQ6001 60 30 5 30 40. — 150 OS 200 Re 0 400 150 2N2221/2N2906 
TPQ6002 60 30 5 30 100 — 15010272007 8.0 400 150 2N2222/2N2907 
TPQ6100 60 40 5 10 75 — 1.0 5 50 = 4.0 250 1.0 2N2483/2N3798 
TPQ6100A 60 45 5 10, S150 = 1.0 5 stp AEG) 250 1.0 2N2484/2N3799 
Two NPN/Two PNP Devices - Figure 4 
TPQ6501 60 30 5 30 40 — 150 eel Oe 0048.0 400 150 2N2221/2N2906 
TPQ6502 60 30 5 30 100 — 150te Uieee 200 Pee s.0 400 150 2N2222/2N2907 
TPQ6600 60 40 5 10 hb — 1.0 5 S40 250 1.0 2N2483/2N3798 
TPQ6600A 60 45 5 10.8150 5 — 1.0 5 50 = 4.0 250 1.0 2N2484/2N3799 
TPQ6700 40 40 5 50 70 — 10 Lie 00 ea 250 10 2N3904/2N3906 


Figure 1 Figure 2 Figure 3 Figure 4 
Additional information on these devices is available from Sprague Electric Co., 70 Pembroke Road, 


Concord, NH 03301, Telephone 603-224-1961. 4-83 
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GENERAL INFORMATION, INDEX TO ALL DEVICES, ] 
INTERCHANGEABILITY GUIDE, HOW TO PLACE AN ORDER 
POWER/ PERIPHERAL DRIVERS 

| DUALS AND QUADS TO 120V or 1.5A 


HIGH-VOLTAGE DISPLAY DRIVERS 
— 120 V to +130 V, 5 to 8 Drivers 


HIGH-CURRENT DARLINGTON AND TRANSISTOR ARRAYS 
TOI.SA 


MOS AND BIMOS CIRCUITS 


SPECIAL CIRCUITS 
CUSTOM PACKAGING 


APPLICATIONS INFORMATION, PACKAGE DRAWINGS, 
THERMAL CHARACTERISTICS 
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Device Type Data 


UCN-4103A 5-3 

UCN-4105A 5-4 

UCN-4112A and 4112M 5-5 

UCN-4116M 5-] 

UCN-4123M 5-3 

UCN-4401A 5-9 

UCN-4801A 5-9 

UCN-4805A 5-12 

UCN-4806A 5-12 

UCN-4810A 5-16 

UCN-4815A 5-19 
Device Type Description 
UCN-4103A Crystal Oscillator/Divider ( 3 x 214) 
UCN-4105A RC Oscillator/Divider (214 or 215) 
UCN-4112A/M Crystal Oscillator/Divider (216) 
UCN-4116A/M Crystal Oscillator/Divider (216) 
UCN-4123M Crystal Oscillator/Divider (3 x 214) 
UCN-4401A Latch/Driver (4 Sink Outputs at 500 mA & 50 V) 
UCN-4801A Latch/Driver (8 Sink Outputs at 500 mA & 50 V) 
UCN-4805A Latch Decoder/Driver (8 Source Outputs at 40 mA & 60 V) 
UCN-4806A Latch Decoder/Driver (8 Source Outputs at 40 mA & 60 V) 
UCN-4810A Serial-to-Parallel Latch/Driver (10 Source Outputs at 40 mA & 60 V) 
UCN-4815A Latched Driver (8 Source Outputs at 40 mA & 60 V) 


Operating and Handling Practices 
for MOS Integrated Circuits 


Handling Practices - Packaged Devices 


Sprague Electric incorporates input protection 
diodes in all of its MOS/CMOS devices. Because of 
the very high input resistance in MOS devices, the 
following practices should be observed for protection 
against high static electrical charges: 

1. Device leads should be in contact with a con- 

ductive material except when being tested or in 
actual operation. 


2. Conductive parts of tools, fixtures, soldering 
irons and handling equipment should be 
grounded. 


3. Devices should not be inserted into or removed 
from test stations unless the power is off. 


4. Neither should signals be applied to the inputs 
while the device power supply is in an off con- 
dition. 

5. Unused input leads should be committed to 
either Vss or Vpp. 


Handling Practices - Die 


A conductive carrier should be used in order to 
avoid differences in voltage potential. 


52 


Automatic Handling Equipment 


Grounding alone may not be sufficient and feed 
mechanisms should be insulated from the devices un- 
der test at the point where the devices are connected 
to the test equipment. Ionized air blowers can be of 
aide here and are available commercially. This 
method is very effective in eliminating static elec- 
tricity problems. 


Ambient Conditions 


Dry weather with accompanying low humidity 
tends to intensify the accumulation of static charges — 
on any surface. In this atmosphere, proper handling 
procedures take on added importance. If necessary, 
steam injectors can be procured commercially. 


Alert Failure Modes 


The common failure modes that appear when 
static energy exists and when proper handling prac- 
tices are not used are: 


1. Shorted input protection diodes. 
2. Shorted or ‘blown’ open gates. 
3. Open metal runs. 


Simple diagnostic checks with curve tracers or 
similar equipment readily identifies the above failure 
modes. 


UCN-4103A and UCN-4123M 


UCN-4103A/23M OSCILLATOR/FREQUENCY DIVIDERS 
FOR AUTOMOTIVE CLOCK APPLICATIONS 


FEATURES 
@ Metal Gate lon-Implanted CMOS @ Buffered Outputs 
@ Internal 12V Regulator @ Plastic Dual In-Line Package 


SPECIFICALLY designed for use in automotive 

applications, the UCN-4103A/23M CMOS circuits 
consist of an oscillator inverter, a frequency divider, 
and buffer amplifiers. Only a minimum number of 
external components are needed for a complete 
clock. 


The buffered output of 60 or 64 Hz is suitable for 
directly driving most clock motor assemblies. The 
crystal frequency in these applications would be 
2.949 MHz or 3.146 MHz, respectively. 


+ 49,152 


= 


On special order, the UCN-4123M ONG. NO. 4-979 aera 
Oscillator/Frequency Divider is also available with TYPE UCN-4103A TYPE UCN-4123M 
additional divider stages (+ 65,536 total) to allow 
operation with crystal frequencies of 4.194 MHz or 5 +5.V to +14 V 


3.932 MHz to produce the 64 Hz or 60 Hz outputs. 


The Type UCN-4103A _ Oscillator/Frequency 
Divider is furnished in a standard 14-pin dual in-line 
plastic ‘A’ package. The Type UCN-4123M is fur- 
nished in a standard 8-pin dual in-line plastic ‘M’ 
package. 


47 pF 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vpp — Vsg (UCN-4103A)............. +15 V 

He he I ees We hc, See Note 
PONPRRUON etn ss baer iste Crae ey set 15 mA 
Operating Temperature Range, Ty.......... —30°C to +80°C 
Storage Temperature Range, Ts........... —55°C to +125°C 


TYPICAL APPLICATION 


NOTE: The allowable Vprq is dependent on the value of an external current 
limiting resistor and is +10 V at 0 Q. 


ELECTRICAL CHARACTERISTICS: Vss = 0 V, Ta = 25°C 


Characteristic Symbol 


Yoo = WV, Vou = iV 
Voo = 4V,Vour= WV 
Voo = 


CAUTION: Sprague CMOS devices feature input static protection but are still susceptible to damage 
when exposed to extremely high static electrical charges. 


oO 


eat 


UCN-4105A 


TYPE UCN-4105A OSCILLATOR/FREQUENCY DIVIDER 
FOR TIMER APPLICATIONS 


FEATURES 


@ Low Threshold, Metal Gate, lon-Implanted CMOS 
@ 2V to 5V Operation 

® Buffered Outputs 

@ Static Charge Protection 


HE TYPE UCN-4105A is a low-threshold CMOS 
circuit consisting of 3 oscillator inverters, a 15- 
Stage ripple counter, and associated control logic. In 
normal operation, the 18.2Hz oscillator frequency is 
divided by 2'4 or 2'5 to provide an output pulse every 
15 or 30 minutes. By adjustment of the three external 
components, other timing periods may be obtained. 


CONTROL 


DWG. No. A-9715 


This device is available in a 14-pin dual in-line 
plastic ‘A’ package. On special order, devices for 
operation at higher supply voltages are obtainable. 


ABSOLUTE MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS: Vss 


finy2l4 = 
OUTPUT (PIN 7) 
v 
PIN 12 AT Yop | | | DD 


Vv 
abe 6 Tiny : 


~~ fin/215 


OUTPUT (PIN 7) 
PIN 12 AT Vss 


Where Tin) - Period of fing 


DG. NO, A-9764 


TYPICAL WAVEFORM 


Storage Temperature Range, Ts.............. 


Test Conditions 


Von = 3.5V, No Load, fiy = 18.2Hz 
Osc. Source Resistance Voo = 2V, Vs = 2V, Pin 3 or Pin 4 


Output Current Voo = 2V, Vour = 0.6V 


bin ana « op ibivgs teehee Sg —30°C to +80°C 
ee ee .—99°C to +125°C 


OV, Ta 


+3.5V O 


DWG. No. A-9716 


TYPICAL APPLICATION (fy = 18.2Hz) 


0 +3.5V 


UCN-4112 


UCN-4112 OSCILLATOR/IFREQUENCY DIVIDERS 
FOR AUTOMOTIVE CLOCK APPLICATIONS 


FEATURES 


@ Metal Gate lon-Implanted CMOS 
@ Internal Zener Diode Regulator 
@ Buffered Outputs 

@ Plastic Dual In-Line Package 


GeseSTING of an oscillator inverter, a frequency 
divider, buffer amplifiers, and two Zener diode 
regulators, the Series UCN-4112 low-threshold CMOS 
circuits are designed for synchronous motor applica- 
tions. These devices are operable over a wide tem- DWG. NO. 4-10.05 
perature range, over a wide supply voltage range, and UCN-4112A 
feature very low power consumption. All of these 
features allow the Series UCN-4112 Oscillator/Fre- 
quency Dividers to be particularly suitable for use in 
automotive applications. 


Complementary, low-impedance outputs of 48 Hz 
with a crystal frequency of 3.146 MHz or 30 Hz with 
a crystal frequency of 1.966 MHz can be used to di- 


rectly drive most clock motor assemblies. Alterna- ONG. WO. A 10.087 
tively, crystal frequencies of 4.194 MHz or 3.932 MHz UCN-4112M 
can be used to produce output frequencies of 64 or 
60 Hz, respectively. 

The Type UCN-4112A Oscillator/Frequency Divid- 
er is furnished in a standard 14-pin dual in-line plastic ABSOLUTE MAXIMUM RATINGS 
ee emer Poa NaI 2Misiturnished'in> “ciiply Voltage, Vop Ves 0.) cse ss cfarets secu +15V 
a standard 8-pin dual in-line ‘M” package. On special Zener Current, Ipeg 1 OF IntG 2... vecceccecceceeees 15mA 
order, these devices are also available in a 16-pin dual Operating Temperature Range, Ta........ 30°C to +80°C 
in-line plastic package. Storage Temperature Range, Ts......... —55°C to +125°C 


ELECTRICAL CHARACTERISTICS: Vs; = OV, Ta = 25°C 


Limits 
Characteristic Symbol Test Conditions | Max. Units 


iti | Min | Max. [Units | 

Supply Current lve |__Voo = 12V, fw = 3,145,728Hz_ | = — | 26 | mA 
SES Cee Be ee 

CO VR en (an rn aa 

| Von = 6V, fw = 1,966,080H2 | — | 075 | mA) 

fenervolage itso} to = at tp at 
| Vacc2 | tec2=25mA, fefVecr | sk | OV 

Output Resistance [Ror | Vo = 4Vi lor =51mA =| SO — Ssid| SS | CS 
Upper Freq. Response fi CO Se a ae ee 
SS ae aa es: ee ee 


UCN-4112 (Cont'd) 


RMIN = VDD MAX - 10.1 
0.015 


32 pF NOM. 


1 
Vss 


fout = f1N/65536 


NO. 4- 10.056 


TYPICAL WAVEFORMS TYPICAL APPLICATION 


UCN-4116M 


UCN-4116M OSCILLATOR/FREQUENCY DIVIDER 
FOR AUTOMOTIVE CLOCK APPLICATIONS 


FEATURES 


e@ Metal Gate lon-Implanted CMOS 
e@ Internal Zener Diode Regulator 
e Buffered Outputs 

e Plastic Dual In-Line Package 


PECIFICALLY DESIGNED for use in automotive 
applications, the Type UCN-4116M oscillator/fre- 
quency divider will drive synchronous clock motors in 
a push-pull configuration. The Zener diode regulator 
serves the dual function of voltage regulation and pro- 
tection from automotive electrical system transients, 
spikes, and noise. 


The buffered output of 60 or 64 Hz is suitable for 


OWG. NO. A-10, 4u4 


ABSOLUTE MAXIMUM RATINGS 


directly driving most clock motor assemblies. The Supply Voltage, Voo — Vss....-.0-.-+0evvrsveveee. Note 1 
ae Zener Curent spencer ee Ee ke 15 mA 
crystal frequency in these applications would be 3.932 ee 
; Package Power Dissipation, Pp...........330 mW (Note 2) 
MHz or 4.194 MHz, respectively. The oscillator/fre- - ki 
at Operating Temperature Range, T,........—30°C to +80°C 
quency divider will accommodate other quartz crystal St T ftp I 55°C to-+-125°C 
frequencies in the 2 to 10 MHz range for use in other Seg ee ct ace Se seas or 
applications. atest 
The Type UCN-4116M oscillator/frequency divider 1. Dependent on value of external current limiting resistor and is 
is supplied in a standard 8-pin ‘‘mini-DIP” dual in- 12 V at0 2. 


line plastic package. 


2. Derate at the rate of 3.3 mW/°C above T, = +25°C. 


ELECTRICAL CHARACTERISTICS: Vss = OV, Ta = +25°C 


Vop = 12 V, fin = 3,932,160 Hz, 
Outputs Open-Circuited 


l7 = 100 uA 
Vop = 10 V, Vout = +6.5V 


CAUTION: Sprague CMOS devices feature input static protection but are still susceptible to damage when ex- 
posed to extremely high static electrical charges. 


a 


UCN-4116M (Cont'd) 


OWG. NO A-10,4u5 


TEST CIRCUIT 


OWG. NO. A-10, 443 


TYPICAL APPLICATION 


OUTPUT VOLTAGE, Vout IN VOLTS 


Vv 


fout = f1N/65536 


OUT, Lami se 


DWG. NO. A-10,058 


Typical Waveforms 


OUTPUT CURRENT, lout IN mA DWG. WO. A~10, 446 


THE UCN-4123M OSCILLATOR/FREQUENCY DIVIDER IS SHOWN ON PAGE 5—3. 


UCN-4401A and UCN-4801A 


BiIMOS LATCH/DRIVERS 


FEATURES 


High-Voltage, High-Current Outputs 

Output Transient Protection 

CMOS, PMOS, NMOS, TTL Compatible Inputs 
Internal Pull-Down Resistors 

Low-Power CMOS Latches 


HESE high-voltage. high-current latch/drivers are 

comprised of four or eight CMOS data latches, a 
bipolar Darlington transistor driver for each latch, 
and CMOS control circuitry for the common CLEAR, 
STROBE. and DUTY CYCLE CONTROL functions. 
The bipolar/MOS combination provides an extremely 
low-power latch with maximum interface flexibility. 
The UCN-4401A contains four latch/drivers while the 
UCN-4801A contains eight latch/drivers. 


The CMOS inputs are compatible with standard 
CMOS. PMOS. and NMOS circuits. TTL or DTL 
circults may require the use of appropriate pull-up 
resistors. The bipolar outputs are suitable for use 
with relays. solenoids, stepping motors, L.ED or in- 
candescent displays, and other high-power loads. 


Both units feature open-collector outputs and inte- 
gral diodes for inductive load transient suppression. 
The output transistors are capable of sinking 500 mA 
and will sustain at least 50 V in the OFF state. Be- 
cause of limitations on package power dissipation, the 
simultaneous operation of all drivers at maximum 
rated current can only be accomplished by a reduction 
in duty cycle. Outputs may be paralleled for higher 
load current capability. 


The UCN-4401A 4-latch device is furnished in a 
standard 14-pin dual in-line plastic package. The 
UCN-4801A 8-latch device is furnished in a 22-pin 
dual in-line plastic package with lead centers on 
0.400” (10.16 mm) spacing. All outputs are pinned 
opposite their respective inputs to simplify circuit 
board layout. 


UCN-4401A and UCN-4801A 


DUTY CYCLE 
CONTROL 


OWG. NO. A-10. 499 


TYPE UCN-4401A 


CLEAR 


STROBE 


IN] 


INo 


IN3 


Fe 
@ 


GROUND 


DUTY CYCLE 
CONTROL 


OUT4 
OUTs, 


OUT, 


OUT, 
OUT, 


COMMON 


vWG. NO. A-I0. 44 


TYPE UCN-4801A 


ped COMMON ! 


OUT, 


CLEAR o t > 


DUTY 


COMMON MOS CONTROL ! 


CYCLE 
CONTROL iG 


TYPICAL MOS LATCH TYPICAL BIPOLAR DRIVER 


Ia. NO. #10. 495 


FUNCTIONAL BLOCK DIAGRAM 
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UCN-4401A and UCN-4801A (Cont'd) 
CHES RS A aA RE RN BEBO PS SP ST 


ABSOLUTE MAXIMUM RATINGS 


Output Voltage; Veen Letee stance net bP nai onc tok kia Won vaoedle deanna havnt bibs ty vee 50 V 
Supply VoltagesVneieeleme einen Ls. 5 Mba sis oe COREE Streeter entree mete ee 18 V 
Input Voltage Range, Vigk severe adie Meet or eek G eae ee ne lenny anne Ae ee —0.3 V to Vpp +0.3 V 
Continuous Collector Current, le... 2.0... eee. sce paces brad ve pelle fic tuebelb aan’ » oneke lige alate te ane 500 mA 
Package Power-Dissipation, Pp (UCN-4401A)........... 007 SR Rae et Se 1.6/ W* 

CUIGNOASOLAY: OS. cues bos eas does ae i ee ae 2.0 W** 
Operating Ambient"T emperaturé Range, Ty.2 at .......4..:-..+20+>+ 0s eee O28 GEL ee ee ae ee 0°C to +/0°C 
Storage Fempetatureshanpeslougar. ... 2. Pw... .e decease kite ae tee eet Mana en etna nen ane nen —55°C to +125°C 


*Derate at the rate of 16.7 mW/°C above Ta = 25°C. 
**Derate at the rate of 20 mW/°C above Ta = 25°C. 


ELECTRICAL CHARACTERISTICS at Ta = +25°C, Vop = 5V (unless otherwise specified) 


Test Conditions 


Vee= 50V, Ty, = +25°C 
Vee = 50V,T, = +/70°C 
D 


Collector-Emitter 
Saturation Voltage 


Input Voltage 


Vop =o V 
Von = 10V 
Vop = 5.0 V (See note) 


Input Resistance Rin Vpp = 15V 
Vop — 10 V 
Vop cae 5.0 V 


Supply Current lovion 
(Each stage) 
looiore 

Vea V, Thar ORG 


“Note: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to insure the minimum logic “I”. 


TRUTH TABLE 


Information present at an input is transferred to its 
latch when the STROBE is high. A high CLEAR in- 
put will set all latches to the output OFF condition 
regardless of the data or STROBE input levels. A 
high DUTY CYCLE CONTROL will set all outputs 
to the OFF condition regardless of any other input 
conditions. When the DUTY CYCLE CONTROL 


is low, the outputs depend on the state of their re- 


spective latches. 


X = Irrelevant 
t-1 = previous output state 
t = present output state 


UCN-4401A and UCN-4801A (Cont'd) 
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TIMING CONDITIONS 


CLEAR 


Se cere a 2 20 a 


DUTY CYCLE 
CONTROL 


ING 


A. Minimum data active time before strobe enabled (data Sel-up [ume) Geese to 100 ns 
B. Minimum data active time after strobe disabled (data hold time). anetiov seid: oy. 100 ns 
Capokinimomustrobe.pulsewidth « .... acu. .os..., Deke taweatioten serch. ¥ 300 ns 
D. Typical time between strobe activation and output on to off transition ................ 250 ns 
E. Typical time between strobe activation and output off to ontransition ................ 250 ns 
PEE Mniun cleat PUTSE WII. oo. sh a.css a0. c+.. SRttoy-snedt Adele SA extured 300 ns 
bese Minimurm data pulse Width oe, sennnsss. so. SS wbelion Lomein ne’ 300 ns 
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CAUTION: Sprague CMOS devices feature input static protection but are still susceptible to damage when ex- 
posed to extremely high static electrical charges. 
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UCN-4805A and UCN-4806A 


UCN-4805A and UCN-4806A 
BiMOS LATCHED DECODER/DRIVERS 


FEATURES 

@ High-Voltage Source Outputs 

e CMOS, PMOS, NMOS, TTL Compatible Inputs 
@ Low-Power CMOS Latches 

@ Hexadecimal Decoding 

@ Internal Pull-Up/Pull-Down Resistors 

@ Wide Supply Voltage Range 


| D Feeney: for use in high-voltage vacuum 

fluorescent display driver applications, the 
UCN-4805A and UCN-4806A latched decoder/ 
drivers combine CMOS logic with bipolar source 
outputs. Both devices consist of eight high-voltage 
bipolar sourcing outputs with internal pull-down re- 
sistors and CMOS input latches, hexadecimal de- 
coder, and control circuitry (strobe and blanking). 

The UCN-4805A BiMOS latched decoder/driver 
is intended to serve as the segment driver with 
standard 7-segment displays incorporating a colon or 
decimal point. The UCN-4806A modification is de- 
signed for use with centered ‘‘1’’ (9-segment) dis- 
plays. It has an I/O input to permit interrogating the 
input latches for error-checking purposes. Both ICs 
use hexadecimal decoding to display 0-9, A, b, C, d, 
E, and F. 

Both BiMOS latched decoder/drivers have suffi- 
cient speed to permit operation with most 
microprocessor/LSI-based systems. The CMOS 
input latches provide operation over the supply vol- 
tage range of 5 to 15 volts with minimum logic 
loading. Internal output pull-down resistors elimi- 
nate the need for external components usually re- 
quired for fluorescent display applications. When 
used with standard TTL or low speed TTL logic, 
both devices may require employment of input 
pull-up resistors to insure a proper input logic high. 
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UCN-4805A 


Dwg. No. A-10,983 


UCN-4806A 


UCN-4805A and UCN-4806A (Cont'd) 
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ABSOLUTE MAXIMUM RATINGS at 25°C Free- 


Ss Number of Max. Allowable Duty Cycle 
Air Temperature and V;s = OV Outputs ON at Ambient Temperature of 
Durouiwondges Va, .99,,.9......8...08..9. 46. 60 V (lou; = 25 mA) 50°C 60°C 70°C 
Logic Supply Voltage Range, V») ........... 4.5V to 18V 8 100% 92% 78% 
Driver Supply Voltage Range, V3, ........... 5.0 V to 60 V 7 100% 89% 
Input Voltage Range, Vw .......... ~0.3V to Vo + 0.3V b | 100% 
Continuous Output Current, Inj ............0000. 40 mA l 100% 100% 100% 
Package Power Dissipation, P) ................ 1.82 W* 

Operating Temperature Range, T, ......... 0°C to +70°C 

Storage Temperature Range, T; ........ —55°C to +125°C 


*Derate at the rate of 18.18 mW/°C above T, = 25°C. 


ELECTRICAL CHARACTERISTICS at T, = 25°C, Veg = 60 V, Vy) = 4.75 V to 15.75 V, Vso = OV 
(unless otherwise noted) 


Output Pull-Down Current 
Output Leakage Current 
Input Voltage 


Supply Current 


All outputs OFF 
Voo = STROBE = 5.0, All other inputs = 0V 


Voo = STROBE = 15V, All other inputs = 0V 
Vop = STROBE = BLANK = 5.0 V, Data latched, 
Display ‘‘8” 

Voo = STROBE = BLANK = 15V, Data latched, 
Display ‘‘8” 


UCN-4805A and UCN-4806A (Cont'd) 


UCN-4805A TRUTH TABLE 
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Inputs 
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UCN-4806A TRUTH TABLE 


Outputs 


Inputs 
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UCN-4805A and UCN-4806A (Cont'd) 
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Information present at an input is transferred to its 


Sos eed rs ans + Sas Gey aie oa 


Dwg. No. A-10,982 


TIMING CONDITIONS 
. Minimum Data Active Time Before Strobe Enabled 


Waiarset-Up lime) a... |). 2a hs oP 100 ns 
. Minimum Data Active Time After Strobe Disabled 

PURE CNTIMG) fered. | fmm ed oo. | 100 ns 
. Minimum Strobe Pulse Width ................ 300 ns 
. Typical Time Between Strobe Activation and Output 

Damoialtansiion em. v.40 te... Gee... 1.0 ps 
. Typical Time Between Strobe Activation and Output 

Grreteonelransitionn Msc. ll Been oraton, 1.0 us 

Minimum Data Pulse Width ................. 300 ns 


BL ot. 1/0 


Dwq. No. A-10,979 
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Dwg. No. A-10,980 


TYPICAL INPUT CIRCUITS 


latch when the STROBE (ST) is low. The latches 
will continue to accept new data as long as the 
STROBE is held low. Applications where the 
latches are bypassed (STROBE tied iow) ordinarily 
require that the BLANKING input be low between 
digit selection because of possible non-synchronous 
decoding. 

When the BLANKING (BL) input is low, all of 
the output buffers are disabled (OFF) without affect- 
ing the information stored in the latches. With the 
BLANKING input high, the outputs are controlled 
by the latch/decoder circuitry. 

With the I/O input control (UCN-4806A only) 
held high, the BCD data terminals function as inputs 
and allow information to be transferred to the 
latches. With the I/O input control held low, the 
BCD data terminals function as high-impedance 
latch outputs and allow the latches to be interrogated 
for error-checking purposes. While I/O is low, the 
STROBE line must be held high. 


VBB 


ZIK elk 
100K 


Vss 
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TYPICAL OUTPUT DRIVER 


UCN-4810A 


UCN-4810A BiMOS 10-BIT 
SERIAL-INPUT, LATCHED DRIVER 


FEATURES 


@ High-Voltage Source Outputs 

e@ CMOS, PMOS, NMOS, TTL Compatible Inputs 
© Low-Power CMOS Logic & Latches 

@ Internal Pull-Down Resistors 

@ Wide Supply Voltage Range 


(COMBINING low-power CMOS logic with bipo- 
lar source drivers, the UCN-4810A BiMOS 
10-bit serial-input, latched driver will simplify many 
display systems. Primarily designed for use with 
vacuum fluorescent displays, it can also be used 
with LED and incandescent displays within its out- 
put limitations of 60 V and 40 mA per driver. 


The CMOS 10-bit shift register and associated 
latches are designed for operation over a supply 
voltage range of 5 V to 15 V. They also provide for 
minimum loading and are compatible with standard 
CMOS, PMOS, and NMOS logic. When used with 
standard TTL or low speed TTL logic the use of 
appropriate pull-up resistors may be required to in- 
sure a proper input logic high. A serial data output 
allows cascading these devices for interface requir- 
ing many drive lines (dot matrix, alphanumeric, 
bargraph, etc.). 


The ten bipolar outputs are used as segment or 
digit drivers in vacuum fluorescent displays. Under 
normal operating conditions, these devices will sus- 
tain 25 mA per output at 50°C and a duty cycle of 
85%. Other combinations of number of outputs con- 
ducting and duty cycle are shown in the specifica- 
tions. 


The UCN-4810A driver, combined with the 
UCN-4805A or UCN-4806A latched hexadecimal 
decoder/drivers or the UCN-4815A 8-bit latched 
source driver, comprises a minimum component 
display subsystem, requiring few, if any, discrete 
components. 


REGI Fre m 
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ABSOLUTE MAXIMUM RATINGS at 25°C 
Free-Air Temperature and V,, = OV 


Output Voltage, \Vojruts ... . - 5 oF weer. ee 60 V 
Logic Supply Voltage Range, Vp») ............ 4.5V to 18V 
Driver Supply Voltage Range, Vz, ........... 5.0 V to 60 V 
Input Voltage Range, Vy ........... —0.3V to V5) +0.3 V 
Continuous Output Current, In ............220-. 40 mA 
Package Power Dissipation, P, ......... saan 1.82 W* 
Operating Temperature Range, T, .......... 0°C to +70°C 
Storage Temperature Range, T; ........ —55°C to +125°C 


*Derate at the rate of 18.18 mW/°C above T, = 25°C. 


Number of Max. Allowable Duty Cycle 
Outputs ON at Ambient Temperature of 
(lour = 25 mA) 25°C... 40°C 50°C) S60°Gaarie 
10 100% 97% 85% 13% 62% 
9 100% 94% 82% 69% 
8 100% 92% 18% 
i 100%. 89% 
6 | 100% 
l 100% 100% 100% 100% 100% 


UCN-4810A (Cont'd) 


ELECTRICAL CHARACTERISTICS at T, = 25°C, Vos = GOV, Vop = 4.75 V to 15.75 V, Veo = OV 


(unless otherwise noted) 


Characteristic Symbol 


Output OFF Voltage 


Output ON Voltage 
Output Leakage Current 


O 8c 
100K 
“hs 


Dwg. No. A-10,980 


TYPICAL INPUT CIRCUIT 
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TYPICAL OUTPUT DRIVER 


Output Pull-Down Current 


Input Voltage 
Input Current linc 


Input Impedance 


Output Resistance Rout 
Supply Current 


Vop = 15,V, All outputs OFF, All inputs = 0V — 200 
Voo = 5.0 V, One output ON, All inputs = OV — ; mA 
Voo = 15 V, One output ON, All inputs = OV — 
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Vop = 15V 


All outputs ON — 3 
All outputs OFF — mA 
Vop = 9.0 V, All outputs OFF, All inputs = 0V — 100 
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FUNCTIONAL BLOCK DIAGRAM 


UCN-4810A (Cont'd) 
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TIMING CONDITIONS 


Minimum Data Active Time Before Clock Pulse (Data Set-Up Time) 


Minimum Data Pulse Width 
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SERIAL DATA present at the input is transferred 
to the shift register on the logic ‘‘0”’ to logic ‘‘1”’ 
transition of the CLOCK input pulse. On succeeding 
CLOCK pulses, the registers shift data information 
towards the SERIAL DATA OUTPUT. The SER- 
IAL DATA must appear at the input prior to the 
rising edge of the CLOCK input waveform. 


Information present at any register is transferred 
to its respective latch when the STROBE is high 
(serial-to-parallel conversion). The latches will con- 


Dwg. No. A-10,990 


Voo = 5.0 V Vop — 15V 


Dr tones ober retyleeed 250 ns 150 ns 

500 ns 300 ns 

1.0 ws 250 ns 

niki aay 9 oe AR ON i ea 1.0 ws 400 ns 
500 ns 300 ns 

PER he eer Ee Par ie 1.0 ws 1.0 ws 


tinue to accept new data as long as the STROBE is 
held high. Applications where the latches are bypass- 
ed (STROBE tied high) will require that the BLANK- 
ING input be high during serial data entry. 


When the BLANKING input is high, all of the 
output buffers are disabled (OFF) without affecting 
the information stored in the latches or shift register. 
With the BLANKING input low, the outputs are 
controlled by the state of the latches. 
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Latch Contents 
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Output Contents 
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Blanking 


UCN-4815A 


UCN-4815A BiMOS 
LATCH/SOURCE DRIVER 


FEATURES 

@ High-Voltage Source Outputs 

@ CMOS, PMOS, NMOS, TTL Compatible Inputs 
@ Low-Power CMOS Latches 

e@ Internal Pull-Down Resistors 

@ Wide Supply Voltage Range 


EENED primarily for use with high-voltage 

vacuum fluorescent displays, the UCN-4815A 
BiMOS latch/source driver consists of eight NPN 
Darlington source drivers with pull-down resistors, 
a CMOS latch for each driver, and common strobe, 
blanking, and enable functions. 


The CMOS inputs provide for minimum loading 
and are compatible with standard CMOS, PMOS, 
and NMOS logic commonly found in microprocessor 
designs. The use of CMOS latches also allows opera- 
tion over a supply voltage range of 5 V to 15 V. When 
employed with either standard TTL or low speed 
TTL logic, the UCN-4815A may require the use of 
appropriate pull up resistors. 


The bipolar outputs may be used as segment, dot 
(matrix), bar, or digit drivers in vacuum fluorescent 
displays. All eight outputs can be activated simul- 
taneously at ambient temperatures up to 60°C. To 
simplify circuit board layout, all outputs are pinned 
opposite their respective inputs. 


A minimum component display subsystem, re- 
quiring few or no discrete components, may be 
realized by using the UCN-4815A BiMOS Latch/ 
Source Driver with either a UCN-4805A or UCN- 
4806A latched hexadecimal decoder/drivers or a 
UCN-4810A serial-to-parallel latch/driver. 
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ABSOLUTE MAXIMUM RATINGS at 25°C 
Free-Air Temperature and V;; — OV 


OUIDUL Vollave; Von momen ee ens eee ee 60 V 
Logic Supply Voltage Range, Vy) ............ 45V to 18V 
Driver Supply Voltage Range, Vag ........... 5.0V to 60 V 
Input Voltage Range, Vw ........... —0.3 V to Voo +0.3 V 
Continuous Output Current, Iu: ................ 40 mA 
Package Power Dissipation, P,.................. 2.0 W* 
Operating Temperature Range, T, .......... 0°C to +70°C 
Storage Temperature Range, Ts; 1... —55°C to +125°C 


*Derate at the rate of 20 mW/°C above T, = 25°C. 


Number of Max. Allowable Duty Cycle 
Outputs ON at Ambient Temperature of 
(lour = 25 mA) 50°C 60°C 70°C 
8 100% 100% 86% 
7 98% 
6 100% 
1 100% 100% 100% 


UCN-4815A (Cont'd) 


ELECTRICAL CHARACTERISTICS at T, = 25°C, Ves = 60 V, Von = 4.75 V to 15.75 V, Vss = OV 
(unless otherwise noted) 
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Voo = 15YV, All outputs OFF, All inputs = 0V 
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Vss 
TYPICAL INPUT CIRCUIT Dwg. No. A-10,981 


TYPICAL OUTPUT DRIVER 


UCN-4815A (Cont'd) 
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TIMING CONDITIONS 


A. Minimum Data Active Time Before Strobe Enabled (Data Set-Up Time).................---- 2-2 eee ee 100 ns 
B. Minimum Data Active Time After Strobe Disabled (Data Hold Time) .............0-c0ccecccccece cece eee. 100 ns 
C. Typical Strobe Pulse Width For Power-Up Clear Disable ............. 0.0 c ccc cccccccccccccccccccee cece. 500 ns 
Minimum Strobe Pulse Width After Power-Up Clear Disabled .... 02... 00 ooo ccc ccc ccccccccccccccc cece. 300 ns 

D. Typical Time Between Strobe Activation and Output On to Off Transition ..............0-0-00-00----- 002 1.0 us 
E. Typical Time Between Strobe Activation and Output Off to On Transition ..............0-c00ecee cece eee ee. 1.0 ps 
ugh TEES ETOCS RRP Gh Nt Soe 300 ns 
Information present at an input is transferred to its UCN-4815A TRUTH TABLE 

latch when the STROBE and ENABLE are high. 

The latches will continue to accept new data as long Inputs OUT, 

as both STROBE and ENABLE are held high. With INv STROBE ENABLE BLANK jj T 

either STROBE or ENABLE in the low state, no 0 l 1 0 X 0 

information can be loaded into the latches. i 1 ] 0 X 1 
When the BLANKING input is high, all of the , ; ; ; ; 7 

output buffers are disabled (OFF) without affecting X 0 X 0 0 0 

the information stored in the latches. With the ; ‘ ; ° ; ; 


BLANKING input low, the outputs are controlled 
by the state of the latches. aevant 


X= 

On first applying Vpp to the device, all latch Cs eter rnns tay 
outputs assume a low state (Power-Up Clear) result- 
ing in all outputs being OFF. The latches will remain 
in the low condition until the Clear is disabled by a 
STROBE high input. Data may be entered into the 
latches during Power-Up Clear disable if the ENA- 
BLE input is also high. 
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GENERAL INFORMATION, INDEX TO ALL DEVICES, 
INTERCHANGEABILITY GUIDE, HOW TO PLACE AN ORDER 
POWER/ PERIPHERAL DRIVERS 

DUALS AND QUADS TO 120V or 1.5A 


- HIGH-VOLTAGE DISPLAY DRIVERS 

- —120 Vto +130 V, 5 to 8 Drivers 
HIGH-CURRENT DARLINGTON AND TRANSISTOR ARRAYS 
TO1.5A 


i 


| MOS AND BIMOS CIRCUITS | 


| 


SPECIAL CIRCUITS 
CUSTOM PACKAGING 


APPLICATIONS INFORMATION, PACKAGE DRAWINGS, 
THERMAL CHARACTERISTICS 
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Device Type Data Applications Thermal 


a ee OR 
ULN-2139D and 2139M 6-2 


ULS-2139D and 2139M 6-2 
ULN-2140A 6-4 LE 
ULS-2140H 6-4 4B 
ULN-2151D and 2151M 6-7 
ULS-2151D and 2151M 6-7 
ULN-2171D and 2171M 6-9 
ULS-2171D and 2171M 6-9 
ULN-2300M 6-11 1E 
ULN-4136 thru 4436A 6-17 1E 
Custom Circuit Designs 6-19 
Custom Packages 6-20 
Device Type Description 
ULN/ULS-2139D/M Op. Amp., Ext. Comp., 4.2 V/ys 
ULN/ULS-2140A/H Quad Current Switch 
ULN/ULS-2151D/M Op. Amp., Int. Comp., 0.6 V/s 
ULN/ULS-2171D/M Op. Amp., Int. Comp., 1.5 V/ps 
ULN-2300M Amplifier/Detector/SCR 
ULN-4136/4336A Quad Op. Amp., 1.0 V/s 
ULN-4236/4436A Quad Op. Amp., 0.6 V/ys 


ULN-2139 and ULS-2139 


TYPE ULN-2139 and ULS-2139 
HIGH PERFORMANCE MONOLITHIC 


OPERATIONAL AMPLIFIERS 


FEATURES 


e@ Wide Operating Temperature Range, T,: 
ULN-2139....... 0°C to +70°C 
UES<2 139 eee —55°C to +125°C 

@ Fast Slew Rate: 4.2V/us Typ. at Unity Gain 

e@ Large Power Bandwidth: 20Vp.p at 20kHz Min. 

e Low Offset Voltage: ImV Typ. 

e@ Low Offset Current: 20nA Typ. 

e@ Input Overvoltage Protection 

e@ Output Short-Circuit Protection 


Description 


SERIES 2139 Operational Amplifiers are monolithic integrated circuits de- 
signed as improved plug-in replacements for the MC-1439 and MC-1539, 
Features include large power-bandwidth, fast slew rate, low input offset volt- 
age, and operation over wide temperature ranges. External compensation 
allows adjustment of frequency response and slew rate for specific applica- 
tions. Unity gain compensation is accomplished with a 2200pF capacitor 
and a 3900 resistor connected in series between pins | and 8. 


Applications 


Designed for general-purpose use, Series 2139 Operational Amplifiers are 
ideally suited for signal processing applications, voltage followers, summing 
amplifiers, amplifiers requiring specialized or general-purpose feedback net- 
works, and applications where selective frequency response and fast slew 
rates are a requirement. 


Packages 


Operating Temperature Range 


Package 


T0-99 


8-Lead DIP 


ULN-2139D 
ULN-2139M 


6-2 


INPUT LAG 


ULN-2139D 
ULS-2139D 


INPUT LAG BE | 8 | wee 

INV. 

INPUT | 2 | +V5 
NON-INY | 6 | OUTPUT 
INPUT 

“Vs | 4 | on 


OWG. NO. A-9096A 


ULN-2139M 
ULS-2139M 


ULS-2139D 
ULS-2139M 


ULN-2139 and ULS-2139 (Cont'd) 


ELECTRICAL CHARACTERISTICS @ T, = 25°C, Vs = +15 (Compensation, foe 


between pins 1 and 8) 


ULS-2139 ULN-2139 
Characteristic Conditions Min. — Typ. Max. Min. ; Max.. Units 


—_ 
< 
Ss 


input OfsetVolage | Re = 10Ke 5 iV 
Input Offset Current a UGE E100 © EnAmaeaen a 


mV 

seen arr essere, nA 
Input Bias Current | SSOSCSC~S 250 1000 

Input Resistance [SSCS a 

fa Sree era ‘ 

P 


— 
oS 
oS 


+ 
{- 
a | 
on 


300 k 
Common Mode 
Voltage Gain ULS R, > 1KQ, a 
ULN R, > 2KaQ 100 
ULN R, = 2KQ +10 +13 +10 +13 V 


Power Dissipation Vo = OV 120 150 120 200 
20 nV/(Hz)”% 


Input Noise (equiv.) Rs = 10KQ, f = 1kHz 

Common Mode 

Rejection Ratio 
V/us 
kHz 


co 
[op) 


3 
= 


1 


5) <). “Go 

sae Wag CSM 
nm 
S 


Power Supply 
ULN R, = 2KQ 
ULN R, = 2KQ 20 50 


00 
90 
4.2 


10 50 
1 he Ss a a a 
Unity Gain Bandwidth | SSSC~* 


ULS-2139 ULN-2139 
—55 125 
Min Max [Min Mac 
Input Offset Voltage Rs < 10KQ +4.5 
input Ofset Current [SSSCSC~—~—CSCtSC“‘“‘Cé* 
npiuBiscurent [ CSC~“—~S*~—C*dSC( (CC 1200 
Open Loop Vo = +10V 82 
Voltage Gain ULS R, > 1KaQ, ULN R, > 2KaQ 
ABSOLUTE MAXIMUM RATINGS 
MEMCMESUDOL MEN Soca dons. save rec le ee +18V Output Short Circuit Duration..........0...0... Continuous 
US. 4 ne en ea —18V Storage Temperature Range, Ts..........~ 65°C to +150°C 
Differential Input Voltage.......000.000 00, +Vs5 
Common Mode Input Swing........0..0.00..00000... +Vs NOTES: 
LS UTC. AN ae 15mA 1. For Vs less than +15V, the absolute maximum rating is equal to Vs. 


SERIES 2140 


SERIES 2140 
HIGH PERFORMANCE 
QUAD CURRENT SWITCHES 


FEATURES 


@ Variable Reference: —3 to —10 Volts 
@ Low Temperature Coefficient: 5 ppm/°C 
e Fast Settling: 300 ns to 0.01% 

@ TIL/CMOS Compatible Inputs 


Description 


SERIES 2140 quad current switches are high precision monolithic integ- 
rated circuits for use in digital-to-analog converters. Each device contains 
four logic-controlled current switches and a reference transistor. Continu- 
ously running current sources and superior thermal layout, maximize 
speed and accuracy by reducing transitional anomalies. Series 2140 
switches accept a wide range of d-c references or an a-c reference for 
two-quadrant mutiplying D/A applications. Inputs may be driven from 
TTL, or similar sources and are independent of reference voltage level. 


The ULN-2140A switches are rated for operation over the temperature 
range of —O°C to +70°C, the ‘A’ suffix indicating a 14-pin dual in-line 
plastic package. The ULS-2140H switches are rated for operation over the 
extended temperature range of —55°C to +125°C with the ‘H’ suffix 
indicating a dual in-line hermetic package to Military Specification 
MIL-M-38510. Devices in unpackaged, chip form, for use in hybrid 
circuit applications, are designated by changing the suffix letter from A or 
H to C. 


On special order, hermetically-sealed quad current switches with high- 
reliability screening to MIL-STD-883 are available by adding the suffix 
‘MIL’ to the part number, for example, ULS-2140H-MIL. Also, on 
special order, devices with improved linearity and drift can be supplied. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vocde< cond ey cclacs oats ec RRO cae et tana ae a +18 V 
a et ane I AE RETR NEO 5 nd WRN SL AE sal Ga —18V 

Input Volta SGmViNWeR ccs. Soe oe 6 te cee ees +6 V 
Reference Voltage Range, Var; ......... 0.0 e cee eee ee eee —3 V to Ver 
Operating Temperature Range, T, (ULN-2140A) ........ —0°C to +70°C 
(ULS-2140H) ....... —55°C to +125°C 

Storage Temperature Range, T;.................. —65°C to + 150°C 
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SERIES 2140 (Cont'd) 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Voc = +5 to +15V, Vic = —15V, Ics = 1 mA, 
Operational Amplifier Summing Junction Load (unless otherwise noted) 


Characteristic oe Test Conditions Min. 


>. Tl a ee ee See Note 
AVor | R= 1 kO, Logic = 0000 to 1111 | 


S Typ. Max.| Units | 
Pema Ne hiriame joir) | pf os) yt 
Vasil hdl had ea aad had pal hee Th elf ed Dal dae, — [ov 

GP DICE hee Ge De Beep eee — _ =10} pA 

EE 

sari Ae aan 


| 

o 

|| Je 
oO}; 


te” SS ee RG eee ee ee 
tamer sine ogic sew) 100 See oe | eee eal Ole fom 
lar | teogiow= (0010 Maebty pe Ce tps Shes Tima 
pane TeLogic {0001 Wan fen Lah eh ae es Popo 025g | ama 
| R, = 1 kO, To 0.01%, Logic = 1000to 0111 [ — 300 ~=—| ns 
fied LA CPE SSL) les De ee a ee a 
Forward Current Gain 
| Non-Linearity |_| Over Operating Temperature Range = | — +— 05] % | 
TS TS RY Rese ee ET 
| Scale Factor Drift | ~———| Over Operating Temperature Range] 5.0 — | ppmrc_| 
TS rama 3A Ce 


Note: Output voltage with a resistive load will be a negative voltage. 
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SERIES 2140 (Cont'd) 


LOGIC INPUTS 


“5V 44 pee age ot 
ULN-2140A ° 
2 td 


HIGH SLEW , 
=RATE OP AMP 


ANALOG 
OUTPUT 
VOLTAGE 


ULN-2140A 


80K< 40K 


i= 75K 10K ULN D 
+10V O 


REFERENCE Be 
* CONTACT FACTORY 


TYPICAL APPLICATION 


Baath 


DWG. NO. A-10, 805 


artur wba tS 


Lily zak Padre ee 
i ra 2) ft (7) COLLECTOR 
REFERENCE 


~S Sa SS 
VEE SS 8: 
< 
BASE LSB BIT 3 BIT 2 MSB EMITTER 
RAIL OUT OUT OUT 


OuT REFERENCE 
DWG. NO. A-10. 406 


SCHEMATIC 


ULN-2151 and ULS-2151 


TYPE ULN-2151 and ULS-2151 
HIGH PERFORMANCE MONOLITHIC 
OPERATIONAL AMPLIFIERS 


FEATURES 
@ Wide Operating Temperature Range, T,: 
14 Da 0°C to +70°C ADJUST A rN 
UBS 2151... — 55°C to 4+-125°C iu 


@ Input Offset Current: 2nA Typ. 

@ Input Bias Current: 35nA Typ. 

@ Input Offset Voltage: +0.7mV Typ. 

© Open Loop Voltage Gain: 250 V/mV Typ. 
@ Input Resistance: 3 Ma Typ. 

© Offset Null Capability ULN-2151D ULN-2151M 
@ Output Short-Circuit Protection ULS-2151D ULS-2151M 


@ Input Overvoltage Protection 


Description 


Seana 2151 Operation Amplifiers are monolithic integrated circuits 

designed for high performance and ease of application. They feature 
high common mode input voltage range, low input offset and bias currents, 
low input offset voltage, input and output protection, offset voltage null 
capability, and high open loop voltage gain. The 2151 Series is a direct 
plug-in replacement for the 4A741 and with improved electrical performance 
over a wider temperature range. 


Applications 


Designed for general-purpose use, Series 2151 Operational Amplifiers are 


ideally suited for signal processing applications, voltage followers, summing 
amplifiers, integrators, and amplifiers requiring specialized or general feed- 
back networks. 


ABSOLUTE MAXIMUM RATINGS 


Packages Power Supply Voltage, +Vs: ULS-2151.............. +22V 


TRRAG tae +20V 
Differentraltinput Voltage et +30V 
Package Input Voltage (See Note 1), Vom... 0. eee cece eee + 15V 


Stead iP] ULN-2ISIMSCULS-2151M Output Short Circuit Duration.................. Continuous 
Storage Temperature Range, Ts.......... —65°C to +150°C 
NOTES: 


1. For Vs less than =15V, the absolute maximum rating is equal to Vs. 


ULN-2151 and ULS-2151 (Cont'd) 


ELECTRICAL CHARACTERISTICS © T.=25C V,==15V 


| ULS-2151 ULN-2151 


Characteristic . Conditions | Min. Typ. Max. Min. 


| : 
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© 
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\ 
0 
IA 

— 
ont rs 
on 

b— 


+f vf 
a av ee “ - al 
put Offset Curre +2 + +5 Te 
as 7 ey aa er 7 - 
DU Bid uiTe : 32 a j 250 
mput Resistance Pe 3 0.4 1.5 


i) ] 
{ | 
! 
} 
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I 
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I 
— 
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Ie 
eo 
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¥o- = 
tage Gain R, > 2Ka - 250 5 150 V/mV 

Ouiput Voltage Swing =| R, = 2K +10 +13 +10 +13 
Power Dissipation | Vo=W Sr Sve 2 
nput Noise (equiv TR Ko. f = ikHiz | 25 35 30 45 |aV/(H2)% | 
Common Mode ) 
— = 7 
aes aio | 85 it 15 90 
Power Supe | 
Rejection Ra | & 100 75 95 
Siew Rate Yvo= =1V,R = 2Ko | 05 0.6 
Fu Paes : : 
Bandwidth | ¥o= = iV R. = 2KQ : 6 KHz 


t 

t 

i 
t 

‘ 
t 
; 
' 
' 
iy 
\ 
iy 
a | 
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GUARANTEED ELECTRICAL CHARACTERISTICS OVER TEMPERATUREG V; = +15V 
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ULN-2151 
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V/mV 


ULN-2171 and ULS-2171 


Caen eeee ee eeeeeeee reece Po SE TE DI ISDS Y TE a OE LP BES iP BOE 


TYPE ULN-2171 and ULS-2171 
HIGH PERFORMANCE MONOLITHIC 
OPERATIONAL AMPLIFIERS 


FEATURES 


@ Wide Operating Temperature Range, T,: 
ULN-2171.........0°C to+70°C ‘ia 
ULS-2171.. —55°C to +125°C aa 
@ High Common Mode Input Impedance: 5000Mo 3pF Typ. Ad eS 
@ High Input Impedance: 8M 3pF ee ee ee 2 a |e 7 
L 


@ Slew Rate at Unity Gain: 1.5V/us Typ. we kt ~ ---- _l2+—- 

@ Input Offset Voltage: 0.7mV Typ. 5 ee a ie 
@ Input Offset Current: 4nA Typ. ~ Ve 
e@ Input Bias Current: 8nA Typ. 
@ Offset Null Capability 

e@ Output Short-Circuit Protection 

@ Operates from +3V to +22V Power Supplies ULS-2171D ULS-2171M 
@ Input Overvoltage Protection 


eS ae a Se 
ULI YW-Z1/1U ULIN-Zi/ift 


Description 


SERIES 2171 Operational Amplifiers are monolithic integrated circuits de- 


signed for high performance and stability. They employ a unique input cur- 


rent cancellation network which achieves high input impedance and low in- 
put current while maintaining fast slew rate. Features include high slev 
rate. high common mode impedance. low input offset and bias currents. lov 
offset voltage. input and output protection. and input offset voltage nu 
capability. In addition. no ge components are required for frequenc 
compensation. 

Applications 


Designed for general-purpose use. Series 21 
ideally suited for signal processing applications. voltage followers. integra- 
tors, and amplificrs requiring specialized or general-purpose feedback net- 


works. 


Packages ABSOLUTE MAXIMUM RATINGS 


S- Viwonsles = ££ 

55°C to - 125°C EIS a 
= = VULIN-Zi — £u¥ 

Package Differential Innat Voltave an 
VITITIC a ee = wu 

S he Se me 
Input Voltage (See Note 1) Vion + 13\ 
Cha nt ~y ry ahran eee 
Output Short Circuit Duratio Continuous 
_ = ara G STORET 
Storage Temperature Range, T; —65°C to +150°C 

NOTES 
= < le n2 =— i5 ne 2D 2 iF mum Py = 
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ULN-2171 and ULS-2171 (Cont'd) 


ELECTRICAL CHARACTERISTICS @ T, = 25°C, V; = +15V 


ULS-2171 ULN-2171 
Characteristic Conditions Min. — Typ. Max. Min. — Typ. Max. 
Input Offset Voltage Rs = < 10K aig! Meine cg A.) a ete 


Input Ofset Current | —=Ss—=“‘C‘*‘(;~*~*~C‘ Ae) [ON a 20m Eee OA er 
Input Bias Currena]t per eeeg ae 0 60 
input Resistance 


Common Mode 

Input Voltage +12 +13 +12 +13 Vp 
Open Loop Vo = +10V, 

Voltage Gain R, > 2KQ 50 150 25 100 V/mV 


Sig 0 ete ghee 
Input Noise (equiv.) | Rs = 10K, f = TkHz nv/(H2) 


Common Mode 
Rejection Ratio 85 105 80 100 
Power Supply 

Rejection Ratio 85 105 80 100 


Output Resistance 


GUARANTEED ELECTRICAL CHARACTERISTICS OVER TEMPERATURE 


@ Vs = +15V 
ers ee ULS-2171 ULN-2171 


Operating Temperature Range 5 +125 0 +70 
Gfaacersic Conan |Win. Wax [Wins Was 


pat Ose Votage [Rs 10K 
ips OC tf le 
Vo = +10 


Open Loop 
Voltage Gain 
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ULN-2300M 
PEI NON OLS OS ae NR ct AHL MIST OBI RONDE Mt OE EE NS NRC NES EDD OER REST iL EASED ERT OL ER 


TYPE ULN-2300M UNICIRCUIT® 
AMPLIFIER-SCR FIRING CIRCUIT 


HE ULN-2300M combines a linear differential 

amplifier, a half-wave complementary detector, 
and a silicon-controlled rectifier on a single silicon 
die. This monolithic device is used for sensing small 
voltages and supplying large currents of up to 
300 mA. 


This amplifier-SCR firing circuit includes an inter- 
nal zener diode voltage regulator which maintains the 
circuit supply at + 12 volts. This amplifier has a high 
input impedance and an internal bias network. The 
SCR trigger level is independent of temperature 
variations because the amplifier gain is matched to 
the SCR firing voltage over the operating 
temperature range. 


The ULN-2300M amplifier can be driven either 
single-ended or differentially. Its sensitivity can be 
adjusted by external a-c feedback from pin 6 to pin 7, 
or by the proper choice of gate resistor between pins 
2 and 3 (Rox). Frequency dependence of the trigger 
level is determined by the choice of appropriate 


{ 5 6 Té 
ij “SH 8.4K 
in) 3.25K 
(¥ SCR as 7 
passive networks. 
The ULN-2300M features: 


@ input impedance: 80K2 PIN CONNECTIONS 
© Trigger level: 12 mV (rms) 

© Gain: 35 dB 

© Frequency response: 150 kHz 

@SCR pulse current (10 us duration): 3A 


Pin 1: lec 
Pin 2: SCR gate 
Pin 3: SCR cathode and ground 


This device, with the deletion of the SCR, was also Pin 4: SCR anode 
available as the ULN-2301M. In all other respects Pin 5: Detector output (control pin for SCR gate) 
they were identical. Pin 6: Amplifier output 

The ULN-2300M amplifier SCR Firing Circuit is ARES AINE IE Pas 


supplied in the space-saving 8-pin dual in-line ‘M’ Fin 8; Nonainverting input 


plastic molded package. 
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ULN-2300M (Cont'd) 


ELECTRICAL CHARACTERISTICS 


at Icc = SmA (over operating temperature range unless otherwise specified) 


Figure 
Symbol pay JyP My aes (Note Z 


AMPLIFIER-DETECTOR (Note 1 


5 © 
w 

Ww 

< 

5 

@ 

Q 

x 


Open Loop Voltage Gain 
Vout at Pin 6 


Upper Frequency Response Vg = 10 mVroms, Ta = 25 C 
Qur at Pin 6 
Vé 


Vg = 10 mV rms, f = 1kHz 


Ww 
oO 
w 
n 


wn 


Input Impedance (Single Ended 


| 60) 
Maximum Output Voltage Swing ee, Open Loop, f = 1kHz aaa 
Vout at Pin 6 
Detector Output Voltage RL = 2kQ (pin 5 to 3), Vg = 
Vout at Pin 5 20 mV rms, f = IkHz, Ta = 25 C 0.3 
e@ gt Pin 6 
Common Mode Rejection Ratio Cra} VIN = lV p-p,f = kHz sd] sd 


Trigger Level VIN at Pin 8 (pin 5 to 2) 12 
(Open Loop) RGk = 2KQ, f = 1kHz 
Ta = 25C 
SILICON-CONTROLLED RECTIFIER (No ) 
BIO king n TA = 70 G 


za 
: 


N 
fos) 


nn 
°o 


—_ 
i) 
NO 


ae ee | 
Gate Trigger Voltage VGT(ON)} VAA = 50V, RL = 5002 
iA — One 
Gate Trigger lot Vaa = 50V, Ri = 500Q 
Current Ts iS 


9° 
wD 


wR 
> 


w 
jo) 
i 
> 


Holding Current TA = 0°C RGK, = 2KQ 
Forward Voltage IF = 150 mA, TA = +70C 


NOTES: 
1. Inverting input (pin 7) returned to ground with a 0.1 uF ceramic capacitor. 
2. Unless otherwise noted, a 2K& resistor (RGk) is connected between gate (pin 2) and cathode (pin 3) to prevent triggering by random noise. 
3. Measured using pulse techniques, tp = 1mS, duty cycle S 1%. 
4. See applicable typical characteristic curve for further information. 


OWG NO 4-6574 


SCR ANODE CHARACTERISTICS WITH GATE 
CONNECTED TO CATHODE THROUGH Rex 
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ABSOLUTE MAXIMUM RATINGS 


(over operating free-air temperature) 


LINEAR DIFFERENTIAL AMPLIFIER 


OO et io i 10mA 
SILICON-CONTROLLED RECTIFIER 
Continuous Reverse Blocking Voltage, Vrom...... .SOV 
Continuous Forward Blocking Voltage”, Vexm.......50V 
Continuous Anode Forward Current, leq (av)... - - 300mA 
(at or below 25C free-air temperature)® 
Peak Anode Current (10uS duration)*, lem (purse)... 3A 
Average Forward Gate Power, Por (av)... - 0.01 W 
Peak Forward Gate Current®, logy ..............0.1A 
Peak Reverse Gate Voltage, Vorm.......- PS Reh" 
AMPLIFIER-SCR CIRCUIT 
Operating free-air temperature, T,. O0Cto +70C 
Storage Temperature, Tstc......... —55Cto +125C 
Internal Power Dissipation, Pp......... 250mW 


NOTES: 


1. Maximum ratings are limiting values above which the service- 
ability may be impaired from the viewpoint of life or satisfac- 
fory performance. The forward or reverse blocking capabilities 
of the SCR should not be tested with a constant current source 
such that the voltage applied exceeds the maximum rated voltage. 

2. Values apply when the gate-to-cathode resistance, RGk, < 1 6K&. 

3. SCR maximum rated anode current, lFM (AV), applies for continuous 
d-c operation with resistive load. For operation above 25 C 
free-air temperature, refer to Anode Forward Current derating 
curve, Figure 11. 


4. Peak surge current should not be repeated until thermal equilibrium 
is restored. 


5. SCR peak forward gate current maximum rating at PW S 300uS, 
f = 120pps. 


Cry = 3pF (STRAY 
V, = 1OMVRMS 
f = 1KHz 


OPEN LOOP VOLTAGE GAIN, Ay, IN dB 


-40 -20 0 +20 +40 +60 +70 
AMBIENT TEMPERATURE, T,, IN °C 


Figure | 
OPEN LOOP VOLTAGE GAIN AS A FUNCTION OF 
AMBIENT OPERATING TEMPERATURE 


ULN-2300M (Cont'd) 


Voc = 20V 


Rees L6ko =—4 


POWER SUPPLY DRAIN CURRENT, I¢c¢, IN MA 


- 40 -20 0 +20 +40 +60 +70 
AMBIENT TEMPERATURE, Tq, IN °C 


Figure 2 


QUIESCENT POWER SUPPLY CURRENT DRAIN AS A 
FUNCTION OF AMBIENT OPERATING TEMPERATURE 


Cy =3pF (STRAY) 
Vg =20MVRMS 


INPUT IMPEDANCE, Ziq, IN KQ 


AMBIENT TEMPERATURE, Iq, IN °C 


Figure 3 
INPUT IMPEDANCE AS A FUNCTION OF 
AMBIENT OPERATING TEMPERATURE 


T¢¢=5MA 
C, =IpF 
2 = 3pF (STRAY) 
Cy =OlprF 
T, =25C a 


| Vg = |OMV RMS 


NOTE: FEEDBACK RESISTANCE, R¢, 
APACITIVE COUPLED 
| 


CLOSED LOOP VOLTAGE GAIN IN dB 


103 104 105 10& 107 
FREQUENCY IN HERTZ 


Figure 4 


CLOSED LOOP VOLTAGE GAIN 
AS A FUNCTION OF OPERATING FREQUENCY 


ULN-2300M (Cont'd) 


VOLTAGE GAIN, Ay, IN 48 


C2 = 3pF (STRAY) 

C; = O.1uF 

Vg = |OMVRMS 
ek +19 


FREQUENCY IN HERTZ 


Figure 5 


VOLTAGE GAIN FOR VARIOUS INPUT COUPLING 


CAPA 


VOLTAGE GAIN, Ay, IN dB 


CITORS AS A FUNCTION OF FREQUENCY 


FREQUENCY IN HERTZ 


Figure 6 


VOLTAGE GAIN FOR VARIOUS FEEDBACK 
CAPACITORS AS A FUNCTION OF FREQUENCY 


£ 
jo) 


ow 
(e) 


20 


DETECTOR OUTPUT VOLTAGE, Ve ,IN Vega, 


DETECTOR LOAD RESISTANCE IN KQ 


OWG NO A-6566 


Figure 7 


DETECTOR OUTPUT VOLTAGE AS A FUNCTION OF 


DETECTOR LOAD RESISTANCE 
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DETECTOR OUTPUT VOLTAGE, Vz ,IN Vpcax 
nN 


DETECTOR OUTPUT VOLTAGE AS A FUNCTION OF 


TRIGGER LEVEL,V;, IN MV RMS 


TRIGGER LEVEL, Vy, IN MVRMS 


Vec = 20V C2 = 3pF (STRAY) 
Rec =1.6KN «C3 =O1ur 


AMBIENT TEMPERATURE, Ty , IN °C 


A 65674 


Figure 8 


AMBIENT OPERATING TEMPERATURE 


Tec =5MA 


3pF (STRAY) 


GATE-TO-CATHODE RESISTOR, Rgx, IN KN 
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Figure 9 


SCR TRIGGER LEVEL AS A FUNCTION OF 
GATE-TO-CATHODE RESISTANCE (Rox) 


AMBIENT TEMPERATURE, Ta, IN °C 


Figure 10 


SCR TRIGGER LEVEL AS A FUNCTION OF 
AMBIENT OPERATING TEMPERATURE 


ULN-2300M (Cont'd) 


Tey (AV), IN MA 
FORWARD CURRENT, Ir, IN MA 


MAXIMUM AVERAGE FORWARD CURRENT 


AMBIENT TEMPERATURE, Ta, IN °C FORWARD VOLTAGE DROP, V; , IN VOLTS 
OWG. NO. A-6572 
Figure 11 Figure 13 
SCR ANODE FORWARD CURRENT DERATING CURVE FORWARD VOLTAGE DROP AS A FUNCTION OF 
ANODE FORWARD CURRENT 
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AMBIENT TEMPERATURE, Ta, IN °C AMBIENT TEMPERATURE, Tq, IN °C 
Figure 12 Figure 14 
SCR GATE TRIGGER VOLTAGE AS A FUNCTION OF SCR HOLDING CURRENT AS A FUNCTION OF 
AMBIENT OPERATING TEMPERATURE AMBIENT OPERATING TEMPERATURE 
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AMPLIFIER-DETECTOR OPERATION 


The block diagram of the ULN-2300M Amplifier- 
SCR Firing Circuit is shown in Figure 15. The 
input and output waveforms are shown in Figure 16. 
Capacitors C; and C; are required because of the d-c 
voltages present at the input terminals. 

The low-frequency response may be shaped by 
choosing an appropriate input coupling capacitor, 
C;. Figure 5 shows voltage gain versus frequency 
response for various values of this capacitor. The 
high-frequency response may be shaped by an 
appropriate feedback capacitor, C2. Figure 6 shows 
the effect that C, has on voltage gain versus fre- 
quency. For maximum sensitivity and frequency 
response, the unused input should be returned to 
ground with a 0.1 yF ceramic capacitor, C3. 

The system gain (trigger level) may be adjusted 
by varying the gate-to-cathode resistor, R¢x or by 
a-c feedback from pin 6 to pin 7 as shown in Figure 
7. The output of the detector at pin 5 may be 
coupled directly into the gate of the SCR or may be 
filtered with an appropriate network to provide 
d-c to the gate of the SCR. 
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DMG NO 65768 


SERIES ULN-4036A 


SERIES ULN-4036A 
HIGH PERFORMANCE MONOLITHIC 
QUAD OPERATIONAL AMPLIFIERS 


FEATURES 


Internal Frequency Compensation 
Output Short Circuit Protection 

Low Power Consumption 

Channel Separation: 120 dB Typ. 

Input Resistance: 2 MQ Typ. 

Open Loop Voltage Gain: 300 V/mV Typ. 
High CMRR: 90 dB Typ. 


Coun” of four independent, internally com- 
pensated, high gain, operational amplifiers on a 
single silicon chip, the Series ULN-4036A devices are 
intended for use in active filters, multi-channel ampli- 
fiers, and similar applications. 


The Type ULN-4136A device will meet or exceed 
all specifications for industry standard »A741 ampli- 
fiers. It provides the highest possible packaging den- 
sity and the monolithic construction allows very close 
thermal tracking. The Type ULN-4236A device ts a 
low-power, pin-compatible version of the ULN-4136A. 


The Type ULN-4336A quad operational amplifier 
is electrically identical to the Type ULN-4136A but is 
pin compatible with the LM1I24, LM148, and MC3403 
series devices and can directly replace them in many 
applications. The Type ULN-4436A its the low-pow- 
er. pin-compatible version of the ULN-4336A. 


DWG. NO. A-10. 244 


ULN-4336A 
ULN-4436A 


ULN-4136A 
ULN-4236A 


The Series ULN-4036A quad high-performance 
monolithic operational amplifiers are supplied in 14- 
lead dual in-line packages conforming to JEDEC out- 
line TO-116 (MO-O001AA) and are rated for continu- 
Ous Operation over the temperature range of O0°C to 
+70°C, 


ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 


Supply Voltage, +Vs..... MicicteiUelntniaricgaitestienatann +18V 
Common Mode Voltage Range. _... -+Vs5 
Differential Input Voltage... 0. ce, +30V 
Output Short Circuit Duration. _ Continuous 
Total Power Dissipation, Pp pent OOO. MAW 


Operating Temperature Range Ta. Prior anew tt A ak © 
Storage Temperature Range, Ts. -». —65°C to +150°C 
*Derate at the rate of 5 mW/°C above Ta = 25°C. 


SERIES ULN-4036A (Cont'd) 


SCHEMATIC DIAGRAM 


ONE OF FOUR AMPLIFIERS ONE OF TWO BIAS SUPPLIES 


DWG. NO. A-10, 246 


ELECTRICAL CHARACTERISTICS at T, = 25°C, Vs = +15V, Ri = 2ko, Rs = 10 ko 
(unless otherwise specified) 


Characteristic Test Conditions 
Tepe seve Ps 
[apt feet Curent | 
input Bas Curent 
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Gutput Voge Swing 
[iivoage age ae 
[common Mode Rejection Rat | 
[SupoyVaoge Reecton Ratio] | ® 0-19] win 
[Tol Power Oissoaton [| 
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CUSTOM CIRCUIT DESIGNS 


Sprague is active in the design of both standard 


and custom high-volume integrated circuits and Integrated Component Capability 
subassemblies for both linear and digital appli- 
cations. A wide range of semiconductor technologies Transistors: NPN — Beta to 300, BVcgs to 120 V, f, to 500 MHz 


is available to optimize cost/performance. Often, 
new processes or innovative circuit designs are 
required. 


PNP — Beta to 40, BVcgs to 100 V, fy to 4 MHz 
MOS — P channel or CMOS, Vy 0.8 to 2.5 V, BVps to 18' 


The first concern of a custom device is generally Ae ir 
one of cost, though performance, reliability, size, Resistors: Diffused — 5 2/1, to 100.2, 100 V 


and process are also important considerations. 135 2/L, to 100 ks2, 100 V 
lon Implant — 500 2/0) to 4 kQ/L), to4 M2, 20 V 


Thin Film — 2 kQ/L), to 2 MQ, 250 V 
Aluminum — 0.025 2/C1, to 1.0 2, 150 V 


Production Volume: unit cost is very dependent 
on quantity such that volumes of 250,000 pieces per 
year are required after the initial design and 


development. 

Chip size: unit cost is directly affected by chip size Capacitors: Junction — 0.1 pF/ mil2, to 30 pF, 100 V 
which is related to circuit complexity, output current, 0.3 pF/mil2, to 100 pF, 12 V 
and output voltage ratings. 0.9 pF /mil2, to 300 oF, 6V 

Test Requirements: digital, d-c, and _ static MOS — 0.1 pF/mil2 to 30 pF, 50 V 
measurements are simple, fast, and inexpensive to 0.2 pF/mil2, to 50 pF, 20 V 


perform while linear measurements such as distor- 
tion, phase, noise, etc. affect throughput and in- 
crease cost. Diodes: Zener — 5.7 or 7.0 V, 0.3 V 


Specifications: well-defined specifications can Photo — 0.5 A/W or > 300 nA/fc at 800 nm 


expedite circuit design while excessive or arbitrarily Schottky — 0.1-0.4 V at 1 pA to 0.3-0.6 V at 1 mA 
tight specifications will reduce yields and increase Small Signal — BV = 7 V 
cost. Varactor — Co/C5 == 2 


Custom Design Schedule 
raat Other: SCRs — to 1 A, to 60 V 
Task Time in Weeks PUTs — to 1 A, to 60 V 


Define Specifications 


om 2, — propogation delay typically 100 ns 
Circuit Design 2 to 10 


Breadboard Construction 2 to8 ‘toa ae mes polar Plus Jove power MOS 
Breadboard Approval 3 to 4 
Circuit Layout 2 to8 
Prototype Construction 3 to8 
Production Pilot Run 8 to 12 
Production Volume 12 to 16 


Total 32 to 66 weeks at an engineering cost of between $20,000 
and $50,000 but not including special test hardware or assembly 


tooling. 
Application Areas of Sprague Expertise 

TV — NTSC or PAL; video, chroma, sound, sync., IF ‘Safety — GFI, smoke detectors, burglar alarms 
Toy — sound generators and amplifiers, optolinear, timers, controls Audio — 250 mW to 10 W, mono and stereo 
Camera — photodiodes, light integrators, timers, controls Automotive — controls, monitoring, safety, radio, clock 
Transistor Arrays — small signal, control, high current, SCR Interface — display drivers, Hall cells, optolinear 
Control — Schmitt triggers, timers, Hall cells Military — communications, fuze, interface 
Radio — AM, FM, FM stereo, AM stereo Computer — interfaceto +120 Vor1.5A 
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Optional Package Capabilities 


Standard integrated circuits from the Sprague Electric Company are 
most often furnished in packages meeting industry or military standards 
(JEDEC TO-87, TO-91, TO-99, TO-100, or TO-116, or MIL-M-38510). 
However, on special order, other packages or assemblies of packaged 
devices may also be supplied. A few special order devices are illustrated 
above and include special heat sink tabs, subminiature plastic packages, 
printed wiring boards, flexible circuits, and complex assemblies. Devices 
incorporating photodiodes are furnished in clear plastic cases. 
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GENERAL INFORMATION, INDEX TO ALL DEVICES, 
INTERCHANGEABILITY GUIDE, HOW TO PLACE AN ORDER 


POWER/ PERIPHERAL DRIVERS 
DUALS AND QUADS TO 120V or 1.5A 


: 


HIGH-VOLTAGE DISPLAY DRIVERS 
— 120 V to +130 V, 5 to 8 Drivers 


HIGH-CURRENT DARLINGTON AND TRANSISTOR ARRAYS 
TOI.5SA 


MOS AND BIMOS CIRCUITS 


| 


SPECIAL CIRCUITS 
CUSTOM PACKAGING 


APPLICATIONS INFORMATION, PACKAGE DRAWINGS, 
THERMAL CHARACTERISTICS 
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APPLICATIONS INFORMATION 


Renee as 


Expanding the Frontiers of IC Interface 
For Electronic Displays 


INTRODUCTION 


The original monolithic high-voltage/high-current 
power drivers from Sprague were capable of 
sustaining 100 V and sinking load currents of 250 mA 
on each of four outputs. That 1970 peripheral driver 
capability has since been expanded and improved on 
to solve many of the most difficult display interfaces. 
Our newest devices are rated for operation to 130 V, 
sourcing or sinking to 1.5 A, and as many as eight 
drivers per package (not all together) with inputs for 
TTL, Schottky TTL, DTL, CMOS, and PMOS. 


LAMP (INCANDESCENT) INTERFACE 


Utilizing marketing inputs that related to existing 
hybrid interface circuits, a group at Sprague designed 
and manufactured monolithic ICs which initially 
were largely used for aircraft indicator lamp inter- 
face. Although not widely known, these quad driver 
units were developed quite independently (and 
simultaneously) to the ubiquitous 75451 series of 
high-speed, low-voltage peripheral drivers. A con- 
centration upon circuit design factors, improvements 
in DIP packaging (copper alloy lead frames), and 
tighter, tougher control of diffusion-related 
parameters has allowed the manufacture of quad 
power drivers rather than the dual mini-DIPs offered 
by other sources. 


An increased awareness for improvements in 
reliability and space and power reductions provided a 
rather successful military market for Sprague lamp 
and relay interface; early success was evident in 
military aircraft indicator lamp interface, a tough 
application for TTL type ICs due to severe inrush 
currents resulting in secondary breakdown during 
"turn on”. The increased current sinking capability 
of the Sprague ICs offers a solution to lamp interface 
that usually obviates the need for “warming” 
resistors (across the output) which slightly warm the 
lamp filament and thus minimize problems 
associated with cold lamp filaments. 


The relay driver types of Sprague IC drivers 
(and other similar transient-protected ICs) are 
somewhat more useful than the so-called general 
purpose types, since the diode common terminal may 
be switched for a system "lamp test”. As shown in 
Figure 1, only a single connection to each DIP is 
required. 


ULN-2003A 


APPLICATIONS INFORMATION (Cont'd) 


The high current-sinking capability of the Sprague 
ICs allows such loads as the #327 or #387 lamps 
(usually two in parallel - 28 V at 40 mA each) to be 
driven without difficulty of secondary breakdown. 
The device beta will usually not allow sinking of the 
10 to 13 times (nominal value) inrush current of cold 
lamps; but the lamp rapidly reaches a current level 
within the device output limitations (Figure 2 shows 
current as a function of time for a single #327 lamp). 
Sustaining this instantaneous inrush current and its 
peak power has been a key element in the success of 
many lamp interface circuits. 


AMPERES 


OWG. MO. A-10, 289 


MILLISECONDS 


Figure 2 


GAS DISCHARGE DISPLAY ICs 


Early in 1972, Sprague successfully produced its 
first high-voltage IC designed for gas discharge 
displays - a five channel, 130 V unit for cathode 
(segment) interface. Subsequently, other circuits, 
both cathode and anode drivers, were produced; 
most of which were used in calculator applications 
with the Burroughs Panaplex® II. In Figure 3 is 
shown a display interface system utilizing the UHP- 
481 and UHP-491 display drivers, associated thick- 
film networks, and discretes. This was a step for- 
ward, but still required external discrete components. 


Through a collaborative effort begun late in 1973 
between Sprague Electric and Burroughs Corp. a 
newer, more efficient interface scheme evolved. 
Featured in "Electronic Displays '75”, this series of 
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monolithic IC interface devices for the high-voltage 
gas discharge panels has been one of the trailblazers 
in the world of display interface ICs. Intended for 
use in multiplexed display systems, these ICs present 
one of the easiest and least expensive solutions to a 
difficult interface problem. ‘A combination of high- 
voltage bipolar techniques with thin-film resistor 
technology (circuit resistors sputtered over the IC 
dielectric) has provided both digit (anode) and 
segment (cathode) interface. 


To facilitate a minimum component interface, a 
split supply (+ 100 V) is employed to allow d-c level- 
shifting (rather than capacitors or>200 V transistors) 
and both digit and segment drivers incorporate all 
pull-up, pull-down, current limiting, off-bias 
reference, etc. which were formerly required in 
discrete and/or hybrid systems. With the com- 
bination of the digit and segment drivers (each 
capable of withstanding 120 V), the split power sup- 
ply approach affords PN diode IC technology 
suitable for driving a display usually requiring a 180 
V minimum ionization voltage (equivalent to +90 V 
in the split system). 


The use of the Series UDN-6100/7100A gas 
discharge display drivers shows the need for only two 
monolithic ICs for displays of up to eight digits and 
eight segments as shown in Figure 4. Systems 
requiring digit or segment counts greater than eight 
employ additional driver ICs, and with the exception 
of the Type UDN-7180A segment driver, the segment 
ICs all have outputs with internal current-limiting 
resistors for the display segments. The UDN-7180A 
device, for reasons of package power dissipation 
and/or dissimilar segment currents (certain 14 or 16 
segment alphanumeric panels) can also be used, but 
must have external, discrete current-limiting 
resistors. 


Higher current applications are difficult for both 
programmable current and switching type display 
drivers. Segment currents beyond 2.5 or 3 mA 
present package power dissipation limitations to 
most dual in-line packages. By using external 
resistors, the Type UDN-7180A driver allows 
segment currents of up to 14 mA. 


The transistor switch with current-limiting resistor 
scheme used in Sprague gas discharge display drivers 
also minimizes problems associated with gas panel 
arcing which can destroy programmable current cir- 
cuits. Some of the gas display manufacturers 
recommend the use of series resistors in each segment 
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line to prevent destruction to the semiconductor in- 
terface circuit should such a panel arc occur. 
Without these series resistors (internal thin-film 
resistors in Sprague devices) the IC can be destroyed 
by the high voltage and resulting high current should 
the panel voltage drop to a very-low level during an 
arc. 


LED INTERFACE 


With the obvious abundance and variety of LED 
interface integrated circuits it would seem unlikely 
that there are still systems in search of an IC hard- 
ware solution to further minimize cost, component 
count, space, etc.; but this is definitely the case. 
The deficiencies are chiefly related to the limited 
number of current-sourcing circuits and/or high- 
current drivers. 


The efficiency of LED displays has improved, but 
with the larger digits (up to 1” presently) most of the 
IC drivers are unable to switch the higher currents 
required in multiplexed systems. The rule-of-thumb 
generally applied uses the suggested d-c current - 
multiplied by the number of digits in the display. 
For example, a multiplexed display of 160 mA peak 
current will give approximately the same light inten- 


DIGIT 


SELECT oan 


 AMAU AA AA ddd 


sity Output as a steady 20 mA in each of eight digits. 
Of particular difficulty is the switching of currents 
associated with the lower efficiency yellow and green 
LEDs. Sprague has provided monolithic integrated 
circuit solutions to applications requiring segment 
currents of 350 mA and digit currents of up to 1.5 
amperes! 


Many of the Sprague ICs used in high-current LED 
applications were originally designed for use with 
electro-mechanical loads (relays, solenoids, motors, 
etc.) although the high-voltage ratings of the drivers 
are obviously not a concern. A combination of high- 
current, high-voltage Darlington drivers is shown in 
Figure 5. 


The ULN-2074B source driver is utilized as a 
modified emitter-follower. Through the use of 
discrete diodes in the common collector line, 
allowing the base to be switched to a potential higher 
than the collector, it is then possible to obtain a 
saturated output. This prevents the usual emitter- 
follower problems associated with gain, the MOS 
output impedance, and power. It is also possible to 
now better define the voltage at the emitter output 
and to then provide suitable segment current-limiting 
resistors for the LEDs. 
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The ULN-2002A sink driver is a high-current 
Darlington array with the capability of switching 
multiplexed LEDs with an available limit of 155 mA 
for each of the seven drivers when used at a 100% 
duty cycle. Even the more inefficient yellow or green 
LEDs can be driven with higher output currents at 
lower duty cycles (400 mA at a 28% duty cycle). 


A new eight-channel source driver is shown as a 
digit switch for common anode LEDs in Figure 6. 
The Series UDN-2980A drivers will handle output 
currents to a maximum of 500 mA. Two basic ver- 
sions of the driver will allow interface from TTL, 
Schottky TTL, DTL, PMOS, and CMOS levels. 
Other versions of the ULN-2003A driver are also 
available for use with the various logic levels. 


Of the three sink drivers shown, the ULN-2003A is 
probably the better choice from a standpoint of both 
pinout and component count. It also has straight- 
forward in-out pinning. The ULN-2031A and ULN- 
2081A devices offer lower cost. They are also inter- 
changeable from a pinning aspect although the out- 
put ON voltage will be dissimilar. 
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A common-cathode LED configuration is shown 
in Figure 7 for currents of up to 1.5 A per digit! 
A series UDN-2980A source driver is used to switch 
the segment side, the ULN-2064B or ULN-2074B to 
switch the digit side. As has been shown with Figure 
5, the IC package power dissipation must be con- 
sidered with high-current applications. 


The three examples that have been shown for LED 
interface represent only a very-small portion of the 
total applications area. The high-current capabilities 
and high gain of the Sprague drivers represent poten- 
tial solutions to many difficult LED display systems - 
alphanumeric, seven-segment, or matrix; common- 
cathode or common-anode; continuous or 
multiplexed. 


A-C PLASMA DISPLAY INTERFACE 


Plasma displays, such as those manufactured by 
National Electronics/NCR (USA) and NEC or Fujit- 
su (Japan), all have one common element with their _ 
gas discharge cousin - both types use a neon gas mix- 
ture. The plasma panels emit an orange glow when 
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switched at rather high frequencies, and light output 
intensity is a function of frequency. The a-c term for 
the plasma display is something of a misnomer since 
these panels actually operate from a toggled d-c sup- 
ply (usually in the area of 20 kHz). 


The panel is basically a neon-fiiled capacitor, and 
has plates (electrodes) which are covered with the 
dielectric - between which is the neon mixture. 
Switching this capacitive load presents a problem 
with high peak currents in addition to the older 
problem of the high voltages which are associated 


with gas displays. Drive circuits use supply voltages 
of 150 to 260 V (depending on unipolar or bipolar 
drive), and the semiconductors used must switch in- 
stantaneous currents in the order of several hundred 
milliamperes for the larger displays. 


Several high-voltage, high-current arrays made at 
Sprague Electric can provide an answer to one side of 
the a-c plasma display interface. The Series ULN- 
2020A Darlingtons are rated at 95 V while the Series 
UHP-S00 power drivers are rated at 100 V. They are 


both able to handle the application shown in Figure 8 
(a basic d-c, non-multiplexed clock interface rather 
than a more complex multiplexed system). The 
ULN-2022A is specifically designed for 14 to 25 V 
PMOS logic levels while the UHP-506 is intended for 
use with TTL. 


The high-current diodes that are internal to the 
Sprague arrays are utilized in the unipolar drive 
scheme connected to a suitable OFF reference. 
In one POS application, a set of 14 ULN-2023A 
Darlington drivers replaced more than 400 discrete 
components. The cost and space savings in such a 
machine are considerable, and a very complex prin- 
ted wiring board was greatly simplified. 


Further improvements in interface and plasma 
displays will no doubt evolve, and thus benefit all 
concerned - display and interface vendor along with 
the end user. Plasma displays are well-suited to 
custom panels (particularly those with various sizes 
of characters) and with improvements in IC break- 
down voltages some further simplification of inter- 
face should evolve. 


le Tl 


SEGMENT 
SELECT 


DIGIT 
SELECT 


1/4 ULN-2064/748 


Figure 7 


7-] 


1/4 UDN-2981/82A 


| ¥6| vel vel vl AA Kel oe 


1/4 ULN-2064/748 = 


OwG. NO. B-1363 


APPLICATIONS INFORMATION (Cont'd) 


BE UELE TSTESSGRES TINTON GOS RAGUSA NG MST TEE TN OU SEMA SEE RS ER ST ST 


FLUORESCENT DISPLAY INTERFACE 


Although the vast majority of fluorescent displays 
are directly driven from MOS logic (handheld and 
low-cost desk calculators), there is an emerging need 
for interface integrated circuits for use with the larger 
characters (higher currents) and the higher voltages 
coming into use. These blue-green display panels 
originated in Japan, and the manufacturers are quite 


aggressively pursuing markets such as POS systems, 
clocks, cash registers, appliances, automotive 
displays, etc. Larger and/or more complex styles are 
being made, including displays with alphanumeric 
capability (a starburst 14 or 16-segment pattern). 


Modest voltage capability (60 or 70 volts) is all that 
is required of a semiconductor device to drive these 
panels, and the currents are in 20 to 30 mA region. 
These electrical requirements are well within the 
capability of many gas discharge digit drivers. 
In Figure 9, the UHP-491 is shown used with pull- 
down resistors connected to each output. When both 
the segment (equivalent to a vacuum tube anode) and 
the digit (controlled by the grid) are switched suf- 
ficiently positive with respect to the cathode 
(filament), the appropriate display digit/segment are 
energized. 


Another multiplexed configuration is shown in 
Figure 10; the difference being that a push-pull type 
of MOS output is in use, and the pull-down rail does 
not allow the UHP-491 substrate, Vpp; and output 
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potentials to be the same. The substrate and output 
are tied to the most-negative rail, while the Vpp 
terminal connects to the —12 V line for the MOS. 


Since these solutions using the older gas discharge 
digit driver circuits require the use of appropriate 
pull-down resistors, either in discrete or thick-film 
network form, a more suitable solution employs the 
circuit shown in Figure 11. The UDN-6118/28A 
devices are designed specifically for use with 
fluorescent displays and include internal pull-down 
resistors so that up to eight segments and eight digits 
will require only two packages and a greatly sim- 


plified power supply. The Type UDN-6118A driver 
is compatible with TTL, Schottky TTL, DTL, and 5 
volt CMOS. The Type UDN-6128A driver is for use 
with 6 to 15 volt PMOS or CMOS logic. 

The future of fluorescent displays looks rather 
strong, particularly if competition further reduces 
prices. For the moment at least, these displays will 
not seriously tax the capability of IC interface except, 
perhaps, from a price/cost standpoint. 


HOT WIRE READOUTS 


Although hot wire readouts could easily be placed 
in the incandescent category, their application in 
multidigit, multiplexed display systems more closely 
resembles LED circuit operation. Since hot wire 
displays will conduct current in either direction, iso- 
lation diodes are required to prevent "sneak" paths 
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from partially turning ON unaddressed segments. a suitable, inexpensive diode array would be of con- 
Compare the typical hot wire display of Figure 12 siderable asset in multiplexed hot wire systems. 
with the LED display of Figure 6. The availability of 
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The hot wire readouts are available in both seven- 
segment and alphanumeric (16-segment) versions and 
are quite well-suited to high ambient light ap- 
plications. They do not wash out in sunlight, 
although their reliability diminishes with the higher 
currents required in brightly lighted applications. 
As described, multiplexed schemes can be cumber- 


The nominal voltage for this type of panel is 250 V. 
High-voltage gas discharge drivers (Series UHP-480) 
or Darlington arrays (Series ULN-2020A) afford a 
cathode interface to the glow transfer panel. With a 
typical display current of 3 to 5 mA, the gas 
discharge drivers are perfectly adequate. For higher 
current applications, the Darlington arrays are a 


some because of the great number of discrete diodes solution. 
required. One avionics system using a 16-character, 
16-segment alphanumeric panel required 256 discrete 
diodes! 


As illustrated in Figure 13, the bar graph cathode is 
easily driven with a Series UHP-480 driver. Signal 
level shifting is inexpensively accomplished with 
capacitors; the OFF reference, pull-up, and pull- 
down is done with a few discretes. The anodes are 
driven with two discrete transistors (BVCRsg=120 V). 
By utilizing a negative supply, the level shifting is 
easily done in the cathode side. If a positive supply 
were used, relatively complex d-c level shifting would 
be required in the anode side. The few discretes 
necessary in the circuit shown are generally a viable 
solution when faced with cost and space parameters 
for the system. 


GLOW TRANSFER - BAR GRAPH & MATRIX PANELS 


Neon-based display technology has shifted into 
many new market areas. The Burroughs Self-Scan® 
is a solution to many alphanumeric applications; 
the newer bar graph is a solid state replacement for 
analog instrumentation. Both use the glow transfer 
principle of the dot matrix Self-Scan display. 
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SUMMARY 


The phenomenal growth in display technology has largely come as a 
result of the electronic calculator, and electronic displays will pervade all 
our lives in an ever-increasing number of products. The use of digital 
displays in appliances, gasoline pumps, electronic games (even pinball 
machines), etc., etc., etc., will also require that a continuing evolution of in- 
terface integrated circuits meet the challenges of higher brightness, in- 
creased currents, improved reliability, and lower system costs. 


Both the display and semiconductor industries have demonstrated that 
they will meet the challenges of today, and these challenges then become 
routine with tomorrow. 
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Electrical Characteristics 
for Series ULN-2000A Darlington Arrays 


Introduction 


With the tremendous industry acceptance of the 
Series ULN-2000A high-performance Darlington ar- 
rays has also come a large number of inquiries relating 
to their application and specifications. A considerable 
amount of applications material has been, and will 
continue to be, generated as it can be identified, pre- 
pared, and published. It is now necessary to comment 
on and further explain the devices’ electrical specifica- 
tions. 


Please note that much of this information is equally 
applicable to the Series ULN-2000A and the Series 
ULS-2000H; the major differences being the hermetic 
package, the lower package power dissipation, and the 
wider operating temperature range of the latter devices. 


Absolute Maximum Ratings 


Referring to the applicable data, under this heading 
are limits that indicate potential impairment of device 
performance and/or reliability if exceeded. The devices 
are very conservatively rated and it should therefore 
be noted that devices can often be specified (after fac- 
tory concurrence) with improved limits. The most 
common variation is increased maximum output volt- 
age (for example 95 V) as is described under the Out- 
put Leakage Current section of this report. 


Power Dissipation, Pp 


Still under the Absolute Maximum Ratings, the 
power dissipation ratings and derating factor are spec- 
fications which often require some further explanation. 


At temperatures up to +25°C, the maximum allow- 
able average package power dissipation is 2.0 W. This 
rather high limit is primarily as the result of going to 
a copper alloy lead frame instead of the previous stand- 
ard iron-nickel-cobalt alloy (Kovar) lead frame. The 
total thermal resistance is only 60°C/W (thermal con- 
ductance of 16.67 mW/°C). As usual, the maximum 
allowable junction temperature is +150°C. The ther- 
mal equation is: 


Pp = (Ty — Ta)/RO or 


Pp = GO (T, - T,) 
where Pp = allowable average package power dissi- 
pation 
T, = allowable junction temperature (+ 150°C) 


T, = operating ambient temperature in °C 
RO = thermal resistance (60° C/W) 
GO= thermal conductance (0.01667 W/°C) 


The actual package power dissipation is the sum of 
the individual Darlington pair dissipations, each of 
which is the product of the collector current, the out- 
put voltage, and the duty cycle. 


A typical example is: 


3 outputs at 350 mA at 35% duty cycle 
3 outputs at 200 mA at 70% duty cycle 
1 output at 100 mA at 100% duty cycle 
ambient temperature of + 70°C 


From the above equation, the allowable average 
package power dissipation is 


Pp = (150°C - 70° C)/(60° C/W) 
Pp = (80° C)/(60° C/W) 
SRS IPSEREA 


The actual desired power dissipation is 


350 mA x 1.6 V x 35% x 3 outputs = 0.588 W 
200 mA x 1.3 V x 70% x 3 outputs = 0.546 W 
100 mA x 1.1 V x 100% x 1 output = 0.110 W 


Total = 1.244 W 


Since the actual desired power dissipation is less 
than the maximum allowable, this set of operating 
conditions is acceptable. Additional information on 
the thermal characteristics of integrated circuits can 
be found in Sprague Technical Papers TP 74-1 and 
TP 74-4 and Microcircuit Application Report MAR 
73-1. 


Output Leakage Current, Icex 


The first characteristic shown under the electrical 
characteristics is the Output Leakage Current. This 
characteristic is tested with the input open-circuited 
for all type numbers, and then with an applied input 
voltage for the ULN-2002A and the ULN-2004A. 
Each Darlington output is tested at the rated maxi- 
mum output voltage (50 V). The limit shown is the 
total leakage current (collector-to-base, isolation, and 
substrate). Collector-base leakage current is shunted 
to the common emitter terminal through the 7.2 ko 
base-emitter resistor, and will not be amplified by the 
Darlington input stage. The power output stage also 
has a base-emitter resistor, but its effects are somewhat 
less. 


The Type ULN-2002A and ULN-2004A are tested 
with an applied input voltage to assure a specified 
threshold level for each type. | 
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The Output Leakage Current tests serve to guaran- 
tee the minimum output breakdown voltage. Any out- 
put which will not meet the leakage current limit either 
has a breakdown below the specified test voltage, or 
excessive leakage current, and is rejected. Customers 
ordering increased or decreased output breakdown 
voltage versions can also be served (Series ULN-2020A 
devices are guaranteed to a minimum 95 V output 
voltage). 


Collector-Emitter Saturation Voltage, Vcesar) 


After the Output Breakdown Voltage, the Collector- 
Emitter Saturation Voltage is probably the most im- 
portant device parameter. The limits shown should be 
used in determining the actual maximum device power 
dissipation at the specified collector current and am- 
bient temperature. 


The saturation voltage is also an indicator of the 
minimum overali Darlington gain with the output well 
into saturation (see also, the he characteristic for the 
Type ULN-2001A). At 350 mA, the minimum “‘black 
box”’ gain is 700; at 200 mA, the gain is 570; and at 
100 mA, the minimum gain is 400. The gain of the 
Darlington stage appears to fall off with lower input 
currents due to the effect of the input base-emitter 
shunt resistor. 


Input Current, lin(on) 


This test is performed on all Series ULN-2000A 
devices which contain input current limiting elements. 


The input test voltages are not arbitrary specifica- 
tions but are typical voltage levels as found in the 
recommended normal applications for each device. 
Generating the most inquiry has been the 3.85 volt 
level for the ULN-2003A. The test voltage represents 
an extrapolated maximum limit for TTL (high Vec 
and maximum logic “1”’). A standard TTL output is 
fully capable of sourcing currents well beyond the 
400 uA test condition associated with its 2.4 V guaran- 
teed minimum logic “1” output voltage. Unfortunate- 
ly, this is not well defined by the suppliers. This same 
lack of specifications is also true for low-power 
Schottky TTL with a 2.7 volt minimum logic “1” 
output voltage. 


If the logic output limits are still in doubt, either 
consult the factory or use appropriate pull-up resistors 
(input to Vcc) to increase input current to the Darling- 
ton as described in Sprague Application Note 29304.9. 


All of the devices which employ input current limit- 
ing will safely withstand the continuous application of 
as much as +30 volts on any input. 
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INPUT CURRENT IN pA 


Series ULN-2000A Darlington Arrays 
Input vs. Output Current 


Note: Since this application report was published an increased 
output current version (Series ULN-2010A) and the 
increased output voltage version (Series ULN-2020A) have 
been finalized. In addition, a new Type ULN-2005A has 

. been designed for use where higher source loading is not a 
problem and high output currents are required. 


Input Current, liN(OFF) 


This test continues to be a topic of considerable dis- 
cussion. Stated simply, it represents the level of input 
current which will NOT produce more than 500 vA 
output leakage current at the high temperature limit. 
The device will not turn ““ON” with any input current 
up to the specified minimum guaranteed limit. Beyond 
the minimum, the circuit will gradually turn “ON”; 
the actual collector current being determined primarily 
by the value of the input base-emitter resistor for low 
values of input current. 


The specified minimum input current corresponds 
to a maximum allowable logic output leakage current 
and is particularly useful when operating with open 
drain PMOS. 
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Input Voltage, Vincon) 


The Input Voltage tests again illustrate the “black 
box” approach to the application and testing of these 
high-voltage, high-current Darlington transistor ar- 
rays. Like the Input Current test, the Input Voltage 
specifications apply only to those devices which con- 
tain input current limiting elements. 


With the specified maximum input voltage applied, 
there is a guarantee of at least the level of collector 
current listed, with a saturation voltage of not more 
than 2 V. 


As shown, the maximum Input Voltage for each 
device determines the range of applications for that 
device. Using the Type ULN-2003A array as an ex- 
ample; the minimum logic “1”’ output level for 7400 
type TTL (2.4 V) will result in at least 200 mA collec- 
tor current, the minimum logic “1’’ output level for 
low-power Schottky TTL (2.7 V) will result in at least 
250 mA collector current, a more realistic logic ‘‘1”’ 
output level for TTL and most 5 volt CMOS (3.0 V) 
will result in a typical minimum of 300 mA collector 
current at an ambient temperature of + 25°C. 


Variations in integrated circuit component values 
can and will happen. However, this particular test 
assures a minimum output current with a given input 
voltage level. Device characteristics may change, but 
this type of “black box”’ testing assures functionality 
while allowing design and process variations from the 
nominal circuit design. 


Applications requiring the paralleling of Darlington 
inputs (either for higher output sink current or for 
multiple loads) can be accommodated, provided the 
logic current source is capable of furnishing enough 
drive current. Alternatively, the use of pull-up resis- 
tors, as described in Sprague Application Note 
29304.9, may be employed. 


D-C Forward Current Transfer Ratio, hr- 


The Type ULN-2001A Darlington transistor array 
is the basic device in this series. Although there is no 
input current limiting, a “black box”? approach must 
still be taken because of the effect of the input base- 
emitter resistor. Input current is shunted in this resis- 
tor and the minimum individual transitor gains must 
be higher. The minimum gain of a device passing the 
ULN-2001A specifications might easily be 2000 with- 
out the input base-emitter resistor. Here again, the in- 
tent is to provide function rather than meaningless 
(although accurate) device specifications. 


Customers accustomed to standard discrete device 
specifications frequently find our test methods some- 
what unusual. Our intent is to describe a usable func- 
tion without becoming bogged down in a conglomera- 
tion of trivial discrete device parameters. 


Input Capacitance, Cin 


The Input Capacitance specification describes all 
capacitances associated with each individual input. It 
is a composite of lead and wire capacitance as well as 
the junction capacitance of the Darlington input. This 
specification was requested by an early customer and 
it was incorporated into the standard product. 


Turn-On Delay, tein 


The Series ULN-2000A uses the industry-standard 
method of specifying Turn-On Delay time. This char- 
acteristic is measured from the 50°7 point of the posi- 
tive-going input pulse to the 50% point of the output 
waveform when switching typical load currents. 


Turn-Off Delay, text 


Turn-Off Delay time is measured from the 50% 
point of the negative-going input pulse (trailing edge) 
to the 50% point of the output waveform as the Darl- 
ington switches ““OFF.” 


Clamp Diode Leakage Current, Ip 


The suppression diode at each Darlington output is 
tested at the rated maximum output voltage. This test 
at reverse bias, and the following forward voltage test, 
are equivalent to conventional tests on discrete diodes. 


Clamp Diode Forward Voltage, V; 


Each output diode is tested for its forward voltage 
drop at a current level compatible with the Darlington 
output sink capability. An application utilizing these 
transient-suppression diode characteristics to perform 
the lamp test function is described in Application 
Note 29304.9 (Figure 6). 


Summary 


The intent of this applications material was to an- 
swer some common questions and to clarify some of 
the bulletin specifications for the Series ULN-2000A 
high-voltage, high-current Darlington transistor ar- 
rays. Specifications can often be difficult to interpret, 
especially when comparing discrete and monolithic 
devices. Because of this, the Series ULN-2000A arrays 
are specified as ‘“‘black box” functions and tested 
accordingly. 
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DTL Peripheral/Power Drivers 
“A Giant Step Backward” 


Reverting to DTL Adds New Dimensions To 
Sprague Peripheral/Power Drivers 


Introduction 


Although not widely known in the industry, Sprague 
Electric was one of the pioneers with Peripheral/ 
Power Driver ICs, with our Series UHP-400/500 Quad 
Drivers introduced in 1970. 


The design and manufacture of a quad driver meant 
rather dramatic deviations from any standard bipolar 
processing/packaging/circuit design techniques in use 
at the time. To allow the use of four high-current out- 
puts in the same dual in-line package necessitated the 
development of high Beta, high-current, high-voltage 
output NPNs; chiefly done to minimize package pow- 
er dissipation when confronted with a quad 14-pin 
DIP rather than an 8-lead dual mini-DIP driver. Re- 
ducing the Icc drive power for the output transistor 
by improvements in high current Beta significantly 
affected the overall package power. 


Further it was necessary to utilize a copper alloy 
lead frame for the DIP if the units were to be used in 
systems requiring the four outputs to be energized 
continuously and simultaneously. The standard Kovar 
(iron alloy) in use definitely would not allow this, but 
the change to a copper alloy package frame reduced 
the DIP ja (junction to ambient rise) from +125°C/W 
(Kovar) to +60°C/W (copper). The combination of 
the high Beta process and dramatic improvement in 
package technology permitted our quad power drivers 
to simultaneously and continuously switch 250 mA 
in all four outputs in a +70°C ambient without ex- 
ceeding a junction temperature of +150°C. 


The Sprague Electric series UHP-400 and UHP- 
500 Quad Drivers have been an industry standard. 
The UHP-407/507 is shown in Figure 1. These ICs are 
available with NAND, NOR, AND, and OR logic 
gates and with three output breakdown minimums: the 
UHP-400-1 series at 40 volts, the UHP-400-1 series at 
70 volts, and UHP-500 series with 100 volt output 
breakdown. Additionally, there are four basic relay 
driver types which incorporate internal transient sup- 
pression diodes for use with inductive loads. All types 
are guaranteed to sink a minimum of 250 mA with a 
Vesa) Of less than 0.7 volts and are compatible with 
TTL and DTL logic families. 
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Figure 1 


Electromechanical Loads 


The Sprague Electric high-current, high-voltage 
drivers have been designed primarily for use with 
electromechanical loads. No attempt has been made 
to produce a high speed device; moderate switching 
speeds result in less noise generation during output 
transitions. Virtually all peripheral loads are much 
slower than any semiconductor switching device 
and it is neither necessary nor desirable to utilize high 
speed switching for interface to electromechanical 
loads. Needs for decoupling and/or critical printed 
wiring board layout are diminished with slower switch- 
ing devices coupled with the serious attempts to mini- 
mize logic circuit power, I¢<(0). 


High-Voltage, High-Current ICs 


Many design and process changes were imposed to 
create Sprague drivers. To obtain the high voltage 
output NPNs, it was necessary to modify the N doped 
epitaxial layer. The epi-layer has been increased in 
both thickness and resistivity to provide higher output 
breakdown. These changes caused these ICs to resem- 
ble linear circuit processing more than TTL digital 
process techniques. 


Transistor design tolerances were quite dramatically 
changed to sustain the much higher OFF voltages re- 
quired of these circuit applications. Much deeper 
junctions with greater curvature and rounded transis- 
tor diffusions (another element of the curvature) were 
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part of the design modifications for improving break- 
down voltages. Through use of these techniques it be- 
came possible to achieve breakdowns of 100 volts very 
repeatably. 


A combination design/process addition was also 
instituted to minimize the output NPN saturation 
voltage. The use of higher resistivity epitaxial layers 
would have adversely affected the collector-emitter 
Vce(sat) Were it not for the use of a highly doped, low 
resistivity collector diffusion. A low resistivity N+ 
collector plug, which is driven sufficiently to contact 
the N+ buried (floating) collector diffusion beneath 
the NPN base was added. 
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Figure 2 


Figure 2 shows the series collector resistance asso- 
ciated with the buried N+ collector plug. Without 
the low resistance collector diffusion, the series resist- 
ance between the buried N+ collector and the metal- 
lization on the chip surface would be much higher. 
Through use of the N+ collector diffusion, which also 
serves as an N-+ surface guard ring to prevent un- 
wanted inversion of the epi, it is possible to achieve 
an R,g of less than 1 ohm (very large, high-current 
circuits) to a more standard 2 to 3 ohms collector 
resistance. 


Package Availability 


The original Series UHP-400 and UHP-500 quad 
power drivers have been furnished to commercial/ 
industrial users in plastic DIP using a copper lead 
frame, thus allowing use of all four outputs simultane- 
ously and continuously at 250 mA each. Two types of 
fully hermetic packages have also been furnished to 
meet to MIL-STD-883: a 14-lead ceramic DIP and a 
14-lead flat-pack. 


Newer additions to this product family, the DTL 
UDN-3600M and UDN-5700M dual drivers, are fur- 
nished in a copper frame 8-lead mini-DIP. The Series 
UDN-3600M are interchangeable, pin-for-pin, with 
competitive devices. 
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The new DTL Series UDN-5S700A are available in 
a new package: the 16-lead copper frame DIP. Use 
of this package was largely predicated upon the need 
for all gates to have separate inputs, rather than a 
pair connected (strobed) together, thus somewhat 
improving the versatility of the quads. All the newer 
plastic power drivers benefit greatly from the improved 
Qja of the copper frame package. 


The new DTL types with their improved electrical 
parameters will also be supplied in fully hermetic pack- 
ages to MIL-STD-883 for use in adverse environments 
or military systems requiring a full temperature range 
unit and/or hermeticity. Some reduction in package 
dissipation potential results, but the ease of interface 
to logic families, such as CMOS, with the newer DTL 
circuits will benefit those unable to obtain standard 
TTL or CMOS logic with either sufficient output cur- 
rent and/or the high breakdown capability (80 volts) 
of these ICs. 


Standard package power curves are shown in Fig- 


ures 3A (plastic) and 3B (hermetic). The curves of — 


Figure 3A compare the two copper lead frame DIPs 
with the capability of the Kovar frame packages used 
for standard lower power circuits. Any area beneath 
the appropriate package curve represents allowable 
average power and is plotted against ambient temper- 
ature to a +85°C limit. It is quite apparent that both 
the mini-DIP at +80°C/W and the 14- or 16-lead 
quad drivers at 60°C/W with copper frames are much 
superior to the Kovar DIP with a rating of +125°C/W. 


The curves of Figure 3B apply to the hermetic pack- 
ages used with the Series UHP-400 and UHP-500 
quad drivers. Note that the materials used and the 
size of the package have a considerable bearing on the 
package dissipation limits. The flat-pack is the poorest 
of all and should not be used unless there is insuffici- 
ent space (chiefly height) for the hermetic DIP. With 
either type, the average power is reduced, particularly 
if the ambient temperature is to reach +125°C, 


These Oja rating curves show the maximum junction 
temperature rise with a unit of power applied. The 
plastic packaged units are generally restricted to uses 
below +85°C, while the hermetic devices may be used 
up to +125°C. In either case, the upper junction limit 
will not exceed a +150°C level and is shown by the 
dashed lines extending to zero (0) power at +150°C. 
Operating within these ambient temperature/average 
power limits will insure that the junction temperature 
does not exceed +150°C, since variations in manu- 
facturing and electrical parameters are guardbanded. 


a 
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Figure 3A 


DTL Logic — ‘A Giant Step Backward” 


Through ongoing evolutionary improvements, the 
power drivers have seen a series of improvements; the 
most notable a conversion to a DTL logic gate in the 
Series UDN-3600 and UDN-5700. Other improve- 
ments have affected the high-current output NPN 
and a small reduction in the typical Icc 0 power. 


Converting the logic gate (Figure 4) to a diode input 
(DTL) has brought about new potential applications 
with CMOS and PMOS circuitry. Prime advantages 
are associated with the much higher input voltages 
allowed (up to 30V), and the extremely low logic ‘‘0” 
input current (100uA maximum vs 1.6mA for a stand- 
ard TTL). This comparison is between the new, im- 
proved Sprague DTL types and competitive devices. 
The earlier Sprague UHP-400 family had an industry 
low of 800 uA (1/2 TTL load) and that has subse- 
quently been reduced further to a 100 nA maximum 
(200 uA on strobe inputs) thus allowing use with 
CMOS and PMOS logic; while the competitive TTL 
types have the standard 1.6 mA TTL maximum. 


Lamp Interface — Inrush Current 


These IC drivers are well-suited to the switching of 
incandescent lamps. Of great concern to those using 
semiconductor devices for switching lamp filaments is 
the high inrush (surge) current associated with cold 
lamp filaments. When switched with either mechanical 
or electromechanical switches, this inrush current may 


UHC/UHD 400/500 SERIES 


ALLOWABLE PACKAGE POWER DISSIPATION 


| 
O5Sw 


AMBIENT TEMPERATURE (°C) 


Figure 3B 


CATHODE 
COMMON 


y:hB 


5707/57I2 SCHEMATIC 


Figure 4 


reach a value that is 1000% to 1200% of the nominal 
steady-state current. This 10-12X the nominal can be 
disastrous to lower current ICs, since they are unable 
to sustain the instantaneous currents of a cold filament 
and are prone to destruction; usually resulting from 
secondary breakdown during turn-on of the output. 


A technique frequently employed to obviate this 
type of failure with lower current devices is the use of 
“warming” resistors across the switching output. 
Maintaining the filament partially warmed reduces 
the inrush (surge) current in the transistor, but it 
complicates designs considerably when a large num- 
ber of lamps is used. The high current peripheral/ 
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power drivers are able to sustain these momentary in- 
rush currents; and, hence, it is not necessary to add 
one “warming”’ resistor for each lamp. 


Sprague Electric power drivers have been widely 
used since 1970 in systems employing them as lamp 
drivers, and the most typical is a parallel pair of 28 
volt, 40 mA lamps (#327 or #387) switched by each 
NPN output. Even though none of the standard IC 
peripheral/power drivers available will be in satura- 
tion under conditions of lamp inrush, they have been 
designed to sink currents of 300 mA (well saturated) 
and are able to sustain the momentary high power. 
The transistor design and process chosen precludes 
these drivers from failure due to secondary break- 
down when used in a conventional manner. 


The current at which the output comes out of satu- 
ration is related to the transistor design (chiefly emitter 
periphery) and process related variables: Beta of out- 
put NPN, diffused resistor tolerances (determine base 
current of output), etc. As the graph of inrush current 
shown in Figure 5 indicates, the time necessary to 
reach a current level within the device saturation level 
is less than 5 ms. Even assuming the use of two lamps 


in parallel, which is the typical case (current value is 
thus skewed by a factor of two), the outputs of these 
power drivers need only sustain an inrush period of 
approximately 2 to 3 ms (intersection at 0.12 A). The 
newer DTL units, with a guaranteed output satura- 
tion voltage at 300 mA are somewhat better than the 
earlier UHP-400/500 series, although neither has given 
trouble with inrush currents when used with #327 or 
#387 lamps. 
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Lamp Interface — D-C 


Perhaps the most frequent application of these ICs 
is the interface to aircraft type lamps such as the #327 
and #387, both of which are rated at 28 volts and 
40 mA (Figure 6A and 6B). Usually two are connected 
in parallel (reasons of redundancy) and run from a 28 
volt d-c supply. As previously mentioned the full in- 
rush is not likely to be reached due to the limitations 
of the device output sinking capability and its modest 
switching speeds (compared with TTL logic). Maxi- 
mum inrush currents of 10-12X nominal are typically 
reduced to a value approximating half that level (5-6 
times steady state). 


Through the use of one of the relay driver versions 
with its integral suppression diodes, a simple lamp test 
may be accommodated without the need to use an 
input on the logic gate. Figure 6A shows the use of 
an input from each gate for lamp test purposes, but 
the same function may be achieved using the suppres- 
sion diodes switched to ground as in Figure 6B. By 
switching the diode common cathode line with an. 
electromechanical or transistor switch the need for 
the logic input is obviated; a scheme that requires 
only one connection per package rather than four 
(quads) or two (duals). 


Figure 6A 
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Lamp Interface A-C (Half-Wave) 


Two potential configurations for operating the lamp 
driver from an a-c source using only half wave rectifi- 
cation are given in Figure 7A and 7B. Either of the 
two diode configurations is permissable and choice 
largely depends upon whether a common ground ex- 
ists in the system. 
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Light output will be reduced somewhat when run 
in a half-wave mode, as will the filament temperature. 
It should still suffice for most ambient conditions ex- 
cepting, specifically, sunlight. 


An element of caution should be observed when 
operating from an a-c source rather than a d-c supply. 
The inductance of the transformer may produce volt- 
age transients beyond the device breakdown level, 
particularly when all lamps are switched OFF simul- 
taneously. Use of such items as back-to-back Zener 
diodes for clamping, a General Electric MOV*, or 
sufficient capacitance across the supply to prevent the 
transients will solve the problem. The capacitance re- 
quired would be a function of the total lamp current, 
but it should not be necessary to achieve any appreci- 
able degree of filtering. 


Preventing these inductive transients through use of 
zero-crossing devices would be another more complex 
solution. 


Lamp Interface A-C (Full-Wave) 


Inexpensive bridge rectifiers allow the approach 
shown in Figure 8 and will provide greater lamp 
brightness than the half-wave counterpart. In either 
case, the simplicity of lamp drive without the need 
for well filtered regulated power supplies is apparent. 
Again, the same cautions pertaining to the transformer 
inductance mentioned in the half-wave a-c section ap- 
ply for full-wave rectification. 
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Figure 8 


Solenoid/Relay Interface 


The use of the integral suppression diodes origi- 
nated in the Sprague Electric UHP-400/500 series of 
relay drivers is shown in Figure 9. The newer UDN- 


*Trademark 
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5700M dual and UDN-5700A quad peripheral/power 
drivers all include high-current/high-voltage transient 
(flyback) diodes for use with inductive loads. The ob- 
vious advantage is the reduction in component count, 
board space, and assembly costs that result when 
choosing a Sprague Electric relay driver over a non- 
diode protected type. 


SOLENOID DRIVER 


UHP 407/507 


Figure 9 


Operating inductive loads requires that any semi- 
conductor sustain a combination of output voltage 
and current as the load is switched OFF; a combina- 
tion of voltage/current not required with non-inductive 
loads. The collapse of the inductive load produces a 
very non-linear “looping”? load line. It is desirable 
that it not intersect the device output breakdown 
curve. The phantom of secondary breakdown creates 
device failures when the voltage/current (power) com- 
bines with an excessive interval (time). Secondary 
breakdown is a power/time related failure mechanism, 
but the intersecting of a breakdown curve by an in- 
ductive load line is at times permissable. It is, however, 
definitely advantageous not to have such an intersec- 
tion (crossing) occur during turn-off. 


Figure 10 shows a typical Vcex() curve obtained 
with the Series UDN-3600 or UDN-5700 IC drivers, 
In accordance with the Vcc¢ notation, this curve is ob- 
tained with the supply equal to or greater than +4.75 
volts. Inductive load lines vary greatly with load cur- 
rent and voltage and are difficult to include. The load 
line of a solenoid or relay may be obtained by properly 
connecting an oscilloscope to monitor load current 
and voltage while repetitively switching the coil. Use 
of a current probe to monitor load current (vertical 
input) while applying the voltage waveform to a cali- 
brated horizontal input will display the load line. 
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Paralleling Outputs 


Due to the excellent matching provided by mono- 
lithic IC processing and identical output transistor 
designs, it is possible to parallel output/input com- 
binations to allow higher current sinking as systems 
necessitate. All four outputs may be paralleled with 
results like those shown in Figure 11 for 2, 3, or 4 
drivers in parallel. Current sharing is extremely well 
matched, and the best choice for pairing would be 
outputs on the quads across from one another (i.e., 
output pin 3 with output pin 11 with a UHP-400). 
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Logic Gate Power 


The high gain transistor process used at Sprague 
Electric has resulted in a considerable decrease in the 
power dissipated in the logic gate which sources base 
current for the output NPN. The collector resistor in 
the TTL totem pole output is the determining com- 
ponent for the high current output. It is this resistor 
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in each of the gates which has a principal influence on 
the power when the output is switched on (supply 
current/output low). Figure 12A compares the Com- 
petitor A or B logic output (130 ohm resistor) to the 
Sprague types (228 ohm resistor). It is this 228 ohm 
resistor value in Figure 12B that decreases package 
power substantially. 
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The histograms of Figures 13A and 13B compare 
the dual drivers furnished by Sprague, Competitor A 
and Competitor B. Note that the output ON currents 
of Competitive A and B circuits are either identical or 
very similar but that both are considerably higher 
than the Sprague equivalents. A small discrepancy 
exists between the output OFF currents, but these are 
of much less consideration than the output ON supply 
current. The Sprague devices offer an obvious advan- 
tage of less heat and lower current supplies while pro- 
viding the same functional capability for interface to 
peripheral loads. Reductions in power (heat) can ap- 
preciably affect some system considerations (largely 
power supplies) and/or improve reliability via lower 
operating temperatures. 
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Logic ‘'O” Input Current — DTL Types 


The reversion to a DTL logic gate with an allowa- 
ble input logic level of up to 30 volts brings new di- 
mensions to the applications for the newer dual and 
quad power drivers. TTL circuits are difficult to use 
in systems that have logic ‘1’ input levels beyond the 
5.5 volt TTL maximum specified ; but even more dif- 
ficult to handle with many MOS devices is the maxi- 
mum logic “0” current of 1.6mA for UDN-7400 
TTL. Figure 14 compares the Sprague DTL 100 pA 
maximum types to the much higher (1.6 mA max) 
levels of the Competitor A and B types. 
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PMOS Interface - DTL Types 


The combination of an allowable input voltage of 
up to 30 volts and the 100 uA input current for the 
logic ‘‘O” state opens up new areas of simple, minimum 
component interface with both PMOS and CMOS. 
The open drain PMOS of Figure 15A shows the 
technique for employing the UDN-5707 or UDN- 
5712 with only an appropriate pulldown resistor for 
each MOS output and a series Zener to obtain the 
+5 volt Vcc for the logic gate of the driver. The use 
of a high voltage input diode (collector/base diode) 
results in a vertical PNP to the substrate and accounts 
for the dramatic reduction in logic “‘0’’ input current. 
The input is actually a PNP, and the current (<100 
KA) being sunk in the driving device or pulldown 
resistor is the base current of the PNP shown in Figure 
15B. The main element of the logic ‘‘0” input current 
(Ie) is shunted to the substrate (ground) as PNP col- 
lector current (Ic); - another Sprague first in periph- 
eral/power drivers. 
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Figure 15B 


Pulldown resistors for this type of application fall 
within reasonable values, although the same is not 
true of standard TTL inputs with a 1.6 mA input cur- 
rent limit. It would be necessary to use a 250 ohm 
pulldown with standard TTL (0.4 + 1.6mA = 250 
ohm), but the 100 vA of the Sprague DTL units will 
allow up to 4 kaQ. Even if this need for a 250 ohm pull- 
down is overcome, the maximum input voltage of 5.5 
volts for TTL precludes its easy use with most MOS 
circuitry operating above 5 volts. 


Most PMOS circuits have a limited output source 
capability and a problem results when the PMOS out- 
put is turned on. To properly operate a TTL or DTL 
IC, its input must swing higher than 2.4 V; a serious 
difficulty if a 250 ohm pulldown resistor is used (TTL). 
However, when using the Sprague DTL types, it is 
only necessary to source 615 »A (2.4 V + 3900 ohms), 
and should present little, if any, problem for most 
PMOS interface. 
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With the exception of the probable need for a pull- 
down resistor (may not be required with some deple- 
tion load PMOS), the same basic considerations apply 
to CMOS interface. 


CMOS Interface — DTL Types 


The much lower input logic ‘‘0”’ current and the 30 
volt minimum input breakdown afforded by a collec- 
tor/base diode are a great asset for those wishing to 
interface from CMOS to a high current load. In Fig- 
ure 16 a typical CMOS to relay/solenoid scheme em- 
ploys the UDN-5712 dual driver; a configuration op- 
erating from the CMOS supply of +12 volts. Use of 
a simple series Zener diode of an appropriate current 
rating will suffice for the Vcc line if the +12 volt 
CMOS supply is adequately regulated. 
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Figure 16 


Systems with poor regulation may require a simple 
regulator such as those shown in Figure 17A (NPN 
power transistor) or Figure 17B (power Darlington) 


to obtain the +5 volt Vec line. The choice is based — 


upon the input current required for the series pass 
power device, and the effects upon the Zener power 
rating under minimum load conditions (obvious ad- 
vantage to Darlington). For CMOS logic systems re- 
quiring relatively few peripheral/power drivers for 
high current interface either of these schemes or the 
use of an appropriate three terminal regulator would 
simplify system design, particularly if system +5 V 
currents are small and little heat sinking is required 
for the pass transistor or three terminal regulator. 
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Extending Output Sink Current — DTL Types 


The high current output NPN of all the Sprague 
peripheral power drivers will operate beyond the 250 
mA guaranteed level (Series UHP-400 and UHP-500) 
or the 300 mA rating of the newer DTL types (Series 
UDN-3600 and UDN-5700). The newer units are 
better suited to use above standard output current 
ratings, an improvement largely related to improve- 
ments in the output NPN design. Extending the 300 
mA capability requires additional base current and 
consequently, the Vcc line must be raised above the 
nominal 5 volts. In Figure 18A, the increased mini- 
mum output current is plotted against the increased 
Vec. Alternatively, it can be viewed as a maximum 
increase in Vcc to obtain additional sink current 
capability. 
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Figure 18B indicates the maximum Vcg¢Q.ar) Changes 
as the current is increased from 300 mA to 500 mA. 
This information is necessary for calculations of pack- 
age power dissipation if the system duty cycle presents 
questions of average power. 


Figure 19A and 19B present information relating to 
the increased logic gate supply currents as a function 
of the increased Vcc required for extending output 
currents. Figure 19A is for the dual types and presents 
the information on both a per package change (A 
16 mA/V) and a per gate maximum. The maximum 
increase is presented for both Icc “1”’ and I¢c¢ “0” and 
the most significant is the Ic¢c¢ ‘‘0’’ which is indicated 
in each figure on both a per package and per gate 
basis. The change in I¢c¢ “‘)”’ is small (< 1.5 mA/gate) 
and, to prevent confusion, is shown per package for 
the dual only and per gate only in the quad graph. 
Increase in Icc “1” in quad types is 4X the per gate 
maximum (4 X 1.5 mA, or 6 mA/package per volt). 
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Package Dissipation — Mini-DIPs 


The Oja rating of Sprague dual drivers in a mini- 
DIP is +80°C/W, while the Competitor B specifica- 
tions list all dual mini-DIPs at +110°C/W. Similar 
ratings apply to other suppliers and the advantage is 
to any type using copper alloy lead frames. 


The allowable average power, low at +70°C, is 
definitely in favor of the Sprague DIPs. Contrast this 
1.0 W maximum from Figure 20 (+80°C/W curve 
intersects 1.0 W at +70°C) with a 727 mW limit cal- 
culated from the +100°C/W ratings listed by Compe- 
titor B (both limits are derived using max. junction 
limit of +150°C and manufacturers Oja rating). A 
worst case analysis will reveal that the electrical speci- 
fications of competitive parts produce power levels 
for 100% duty cycle applications that may result in 
junction temperatures above the +150°C level if both 
outputs are simultaneously and continuously sinking 
300 mA with Ve at 5.25 V. The LM 3611 max. power 
(per spec) could reach 782 mW (LM 3612, etc, slightly 
higher) and the 75451 maximum is 761 mW (75452, | 
etc. slightly higher). 


The Sprague UDN-3611 or UDN-5711 will have a 
worst-case power (same conditions of Vcc and Ic) of 
only 677 mW and is also manufactured in a DIP pack- 
age capable of sustaining 1.0 W rather than the 
727 mW limit. A clear advantage for lower junction 
temperatures, less heat, and/or greater output capa- 
bility in a system. Maximum junction temperatures 
obtained would be: LM 3611 with 782 mW = 156°C; 
75451 with 761 mW = 153°C; and the Sprague UDN- 
3611/5711 with 677 mW = 124°C. 
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Stepping Motor Applications 


Combining the use of a peripheral/power driver and 
a dual Darlington switch (Type ULN-2061) provides 
a capability of driving a 4-phase bifilar stepping motor. 
Motors designed to operate with voltages and currents 
compatible with these ICs may be driven with a mini- 
mum of components. In Figure 21, the signals from 
appropriate logic/sequencing circuitry operate a 
Sprague UHP-407 or UDN-5707 (may also be done 
with two UDN-5712 devices) for switching the motor 
coils selected. The transient suppression diodes are 
utilized in accordance with solenoid/relay applica- 
tions, although here they are connected through a 
Zener diode to the supply voltage. The Zener will im- 
prove the speed of the switching, but should be chosen 
such that the maximum voltage across the output 
(+V added to Vz) is below the device breakdown. 
Permitting voltage excursions of this sort produces 
improved high speed motor operation, but must be 
clamped to a safe value. 


Application requiring a holding or detent current 
may employ a dual Darlington (ULN-2061). One 
Darlington switch is used for the RUN mode, while 
the second (lower) half of the ULN-2061 is used to 
provide a lower holding current to maintain the posi- 
tion of the motor. Use of two supplies is shown and 
diode D1 decouples the power supplies and prevents 
unwanted reverse bias from reaching the STANDBY 
Darlington. Similar schemes may be employed to ob- 
tain bipolar drive schemes for high-speed stepping 
motor applications. Current is sourced from the posi- 
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tive supply (a PNP switched by a gate capable of sus- 
taining the supply voltage is one example), while an 
appropriate peripheral/power driver is used to sink 
coil current (Figure 21). 


Control 100 Watts With an IC 


The quad peripheral power drivers are capable of 
controlling or switching loads that total 100 W/pack- 
age (50 watts for duals). Load currents beyond the 
standard 250 mA level (UHP-500) or 300 mA (UDN- 
5700A) would result in the capability of switching 
loads in excess of the 100 watt capability with stand- 
ard specifications. 


The UHP-500 series has a 100 volt/250 mA capa- 
bility for each of four outputs: 100 V x .25 A x 4 out- 
puts = 100 watts of control. 


The UDN-3600 and UDN-5700 quad drivers offer 
an 80 volt/300 mA combination for each of four out- 
puts: 80 volts x 0.3 A x 4 outputs = 96 watts. 


All of these high-current/high-voltage peripheral/ 
power drivers offer simple, inexpensive interface solu- 
tions to some tough load requirements. Those appli- 
tions beyond the output voltage and/or current han- 
dling limits of lower current, TTL type devices are 
easily handled with these devices. The newer DTL 
types provide solutions to interface problems. associ- 
ated with PMOS and CMOS that are quite often im- 
possible with TTL type units. The “‘giant step back- 
ward” actually results in a “‘stride forward” with the 
newer DTL peripheral/power drivers. 
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Completely Monolithic IC Series 
for Gas Discharge Display Interface 


Introduction 


The switching of the high voltages necessary for 
display panels such as the Burroughs Panaplex® has 
long presented difficulties to the semiconductor indus- 
try - particularly to IC manufacturers. It is difficult 
to fabricate devices capable of sustaining 200 volts or 
greater with standard IC processes of today. Solutions 
to the high voltage gas discharge display interface also 
must be inexpensive as well as functional; this cost/ 
simplicity factor prohibits most unusual or exotic cir- 
cuit designs and/or IC processes. 


The earliest (and a great many recent) gas discharge 
interface schemes used discrete components, but that 
has been an increasingly cumbersome and expensive 
solution. Competition at the system level has largely 
come from LEDs, and a great many standard ICs are 
available for the smaller LEDs. In most instances, the 
small displays have gone to LEDs. However, the larger 
display applications are still an opportunity for gas 
discharge since character size and cost are not directly 
related. The cost impact upon the potential for gas 
discharge displays in many systems is a function of 
interface complexity and cost, and it was to this end 
that a joint Sprague/Burroughs effort was launched. 


Early Sprague/Burroughs meetings were held to de- 
fine the relevant factors involved in such a program 
and provide the necessary insight for both parties into 


Figure 1 


the capabilities of diode isolated ICs, the voltage and 
current requirements of the Panaplex displays, the need 
for minimization of power (battery systems), pack- 
aging of the circuits, component count and cost, etc. 
Add to this the potential for use with feedback con- 
trolled supplied, poorly regulated d-c supplies, the 
wide variety of numbers of display digits, the range 
of digit sizes (in use or contemplated), etc., and our 
task was not to be an easy one. 


Our direction was determined by two factors: a his- 
tory of fabricating 130-140 volt PN diode isolated 
display circuits, and a more recent effort to utilize 
compatible thin-film resistor technology. These fac- 
tors, coupled with considerable expertise in designing 
and processing high voltage ICs, dictated an approach 
utilizing a split (+ 100 V) supply. The split supply 
would provide the 200 volts needed to ionize the dis- 
play and the resistor capability would greatly aid the 
incorporation of functions previously done by discrete 
components — including both input and output (seg- 
ment) current limiting, pulldown (open drain PMOS), 
pullup and pulldown reference for IC outputs, and a 
high impedance voltage divider for the output OFF 
bias. All level shifting is accomplished via use of PNP 
or NPN transistors, and the capacitors previously re- 
quired were negated. 
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The OFF output biasing network is common to all 
the individual drivers with the level of bias deter- 
mined by the ratio of R, to the total of R7 and Rg. 
As in the digit driver, the value of output bias is =2/3 
the voltage across Vy, and ground — thus insuring 
sufficient ‘on to off’ swings to properly fire, and ef- 
fectively extinguish unaddressed segments during a 
scan. Emitter follower Q, and Q, sources current to 
the pull-up buss connected to the various outputs as 
they are turned on during the display scan. 


Minimum Component Interface 


The impact of this new product family may be seen 
in the typical digital clock of Figure 5. This a-c 
powered clock uses a Mostek 50250 clock IC, a 
UDN-6164 digit driver, and a UDN-7183 segment 
driver. Total component count is approximately 30 


ULN-6164 


AMERICAN 
MAGNETICS 
AM6612 


MK 50250 


pieces, and the board layout is straightforward and 
uses single-sided board. 


Many calculator interface schemes use con- 
siderable numbers of components (70 to 100 
typically) to drive gas discharge panels. As one 
example: a twelve digit/eight segment machine uses 
85-90 discretes while the new IC version uses only 
three packages, and results in less space along with 
considerable simplification. Other applications will 
benefit similarly with this series of circuits. 


Summary 


Display technology and usage has emerged at a 
mind boggling rate in the past several years — largely 
due to the fantastic growth rate of calculators. The 
planar gas panels have been an integral portion of 
this burgeoning market, but like all the other displays 
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available does not meet the requirements for an ideal 
display. 

Gas discharge panels are a fine combination of 
aesthetics, reliability, low cost, large character size, 
multiplexing capability, etc., but have been impacted 
to some degree by the lack of an available and inex- 
pensive, totally monolithic interface. The move 
toward IC interface for displays has stifled some 
potential — largely in favor of LEDs; although many 
applications requiring large characters and/or in 
high ambient light turn toward gas panels. The 
planar gas discharge display is a long way from ob- 
scurity, and the availability of this family of ICs 
should open up new areas as well as satisfying 
existing systems. 
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The intent from the inception of this program has 
been to produce and provide a standard, inexpensive 
and easy to use interface for gas discharge displays. 
A great many potential applications exist for these 
circuits in consumer and commercial products. From 
the calculator and digital clock areas this product 
also will find use in automotive dashboards, point- 
of-sale systems, electronic cash registers and scales, 
and instrumentation. The market for displays is still 
very elastic, and many applications for gas discharge 
panels are continuing to appear. The Sprague con- 
tribution to this market is this series of state-of-the- 
art interface ICs. : 
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Augmenting the uP LSI Revolution 
with New Power Interface for Peripheral Loads 


Introduction 


It is a foregone conclusion to now state that the 
microprocessor will have a profound effect upon the 
electronics world; we are already into another revolu- 
tionary era. Random logic LSI has had an enormous 
effect upon “component shrinkage”’ in computing and 
control systems, and even to. “insiders” stretches the 
imagination. Although the uP is not yet a mature 
product, it has been and is being designed into a 
myriad of new products. In many instances, the sys- 
tems have never previously utilized any semiconduc- 
tors, while in a great many others the product (system) 
has never existed in any form. Functions which had 
previously been difficult or impossible to implement, 
particularly economically are rapidly surrendering to 
the onslaught of the uP, PLA, or custom LSI devices 
now available. 


The revolution in control/calculation capability re- 
sulting from devices such as the uP and PLA is bring- 
ing about an increasing need for further evolution 
(with perhaps an occasional revolution) in many other 
areas. Systems are becoming smaller while also incor- 
porating additional functions; becoming more reliable 
while becoming lower in price; more versatile while 
becoming more complex; and operating at higher 
speeds while also interfacing to electromechanical de- 
vices. Some of this represents a bit of a paradox (i.e. 
improved reliability at lower costs), but the dynamic 
nature of the semiconductor industry is continuing to 
bring about dissolution of old concepts of function, 
reliability, and cost. 


At Sprague Electric an evolution of interface ICs is 
underway to provide answers for lower speed applica- 
tions such as electromechanical peripheral loads and 
electronic displays. Few of the newer interface ICs at 
Sprague Electric are oriented toward “‘jellybean” IC 
markets, but rather are designed to displace discrete 
components in tough applications. Most of the activ- 
ity is based upon high current or/and high voltage in- 
terface circuits and will extend our product leadership 
in these areas. 


ULN-2064/2074 Quad Darlington 


Originally this quad 1.5A (max.) Darlington was in- 
tended for interface to peripheral loads such as sole- 
noids, relays, and small motors. By virtue of unsatis- 
fied needs for high current buffers for LEDs, incandes- 
cent lamps, and other low voltage loads, additional 
systems applications continue to evolve. Multiplexed 
LED applications have arisen in which the strobed 
current was 1.0 to 1.4A, and the ULN-2064 or ULN- 
2074 has provided the only IC solution. 


In Figures 1A, 1B and IC, the basic Darlingtons 
are shown; a redesign effort has added other versions 
which will provide interface solutions for 5V CMOS 
with its very low current handling capability to 1.5A 
loads. The standard types in this series are guaranteed 
to sustain a 50 volt breakdown; although new part 
types are being added for breakdown selection to 
other limits, thus satisfying applications outside the 
normal SOV limit. 


A version to allow interface directly from PMOS 
and 12V CMOS logic is being added; the ULN-2066 
incorporates a higher input resistor than the ULN- 
2064 and limits the current from the MOS logic out- 
put to a value which allows use with many MOS ICs 
while simultaneously providing adequate input current 
for high current loads (Figure 1B). 


The loading of the logic circuitry is of considerable 
concern and the Vin/Iiy curves of Figure 2 and Figure 
3 indicate the input limits over a range which corre- 
sponds to normal application. Figure 2 is for the ULN- 
2064/2074 versions with a nominal input resistor of 
3500 (increased from original value of 2309), and is 
designed to switch high currents when operated from 
stotem pole UT LeoreLSapr Lez. Por sy CMOS‘IGs 
with limited source capability the ULN-2068 type 
(discussed later) should be a better choice, although 
the use of pull up resistors may be employed to satisfy 
the necessary input current for the load. 
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Figure 3 is the input current curve for the ULN- 
2066 and is intended for PMOS or CMOS applica- 
tions. For MOS ICs which do not provide sufficient 
source output currents the use of the pull up resistors 
is required, or an alternative is the use of the ULN- 
2070 (another three stage buffer like the aforemen- 
tioned ULN-2068 — shown in Figure 4). 
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Figure 3 


The low current capabilities of many MOS devices 
necessitated further evolution which has resulted in 
adding a third NPN to these high current buffers. The 
intent is to provide a high current interface, which in 
some instances requires less than 100A input current, 
while offering output capability to 1.5A. It is difficult 
to provide any graphical analysis of MOS interface, 
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PARTIAL SCHEMATIC Determining the worst case (minimum) input cur- 

Ys rent is necessary to assure that the output is well sat- 
urated. Although there is nonlinearity due chiefly to 
to beta rolloff, the graph of Figure 6 will insure the 
output sinking capability is matched to the input 
drive. The input current origin is skewed to compen- 
sate for the effects of the shunting resistors across the 
EB junction of the ULN-2064, ULN-2074, etc. types 
which do not incorporate the additional (third) NPN 
stage. 
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particularly due to the vast range of MOS source cap- 
ability, which ranges from less than 100uA to well 
above the milliamp level. While TTL specs are quite 
well defined, a useful approach to MOS applications 
is to use the worst case equivalent output Z for the 
particular device. Source outputs (CMOS and PMOS) 
are spec’d for given current and voltage conditions 
and a series circuit can be depicted much like Figure 
5. Use the output voltage/current levels for the partic- 
ular device to determine its suitability; Von + Iour = 


COLLECTOR CURRENT IN AMPERES - Ic 


INPUT CURRENT IN pA - | 


Output Z (max). : orgie 
Figure 6 
Allowable Power 

ULN 2064/2066 etc. ULN2068 etc. An obvious concern with such high current ICs is 
5Vo Ny V the allowable combination of outputs ON, the output 
load current, and duty cycle. The “B’”’ type of plastic 
ro fe set - ae OUT DIP with its copper lead frame is used for this series 
and offers a thermal resistance (@ja) adequate for 
o =4 many applications, and may be improved further 

through use of heat sinking. 
- 7a ; z= Yon i In Figure 7, the plot of output current, number of 
outputs, and duty cycle for a + 70°C ambient is shown. 

Z(mos) RIN Z(mMos) RIN 


eased cht DIRE ESM oat oo] As in earlier, similar graphs it conveys: 


¥ e (a) Allowable d-c current; intersection of the 100% 
TRU Sh Mae! duty cycle (i.e. = 500 mA for 3 outputs simulta- 
neously). 
(b) Allowable duty cycle with a given output current. 
(c) Allowable output current for a given duty cycle. 


Figure 5 


7—33 


APPLICATIONS INFORMATION (Cont'd) 


li 

rc tan 
NUMBER OF OUTPUTS 
CONDUCTING | 


SIMULTANEOUSLY 
ULN-2064 THRU ULN-20778 


ALLOWABLE PEAK COLLECTOR CURRENT 
IN AMPERES AT 70°C 


PER CENT DUTY CYCLE 


OWG. NO. A-10, 360 


Figure 7 


input | - TTL and LS TTL (ULN-2064/74) 


Although it is not well recognized, the outputs of 
“totem pole” TTL and Schottky TTL are capable of 
sourcing current well in excess of the 400uA (at 2.4V 
min logic “1”’) that is part of TTL specs. If it is not 
necessary to maintain the proper logic “‘1”’ level of 2.4 
(or 2.7 volts) the output may be more heavily loaded 
via a lower impedance, and the result is higher input 
currents for the ULN-2064/2074 type of IC. 


In Figure 8, the enclosed area indicates ULN-2064/ 
2074 operation with TTL or LS TTL and the normal 
variations of Darlington input resistor value, logic 
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supply voltage, and TTL output level. This is useful 
information for designers operating with 7400 or 74LS 
families, but obviously cannot be guaranteed since we 
have no control over another vendor’s devices. The 
minimum input current is extremely important for in- 
terface to high current loads, and the user can empir- 
ically corroborate the indicated Iy/Viy levels for TTL 
logic. Ij, corresponds to the Tou; for the TTL; and Voyz 
equates to the Vour logic “1,” or Vix for the Darling- 
ton. 


Solenoid Drivers 


A large portion of the ULN-2064 series ICs are for 
solenoid, relay, or motor interface. Use of the types 
with suppression diodes minimizes component count 
while allowing use with inductive loads as in Figure 9. 
The usual concern for power dissipation, input cur- 
rent, etc. should be exercised for these applications. 
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LED Interface 


Figure 10 shows the ULN-2074 used as a source 
driver (digit driver) for common anode LEDS; this is 
a quasi-emitter-follower with the collector common 
being biased by the discrete diodes shown. Using such 
a scheme allows the base (input) to be pulled above 
the collector potential and provides a much better so- 
lution than a true emitter follower which is subject to 
the variables of gain, changes in load current, and the 
ranges of MOS output impedance. 
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Vss In Figure 11, the ULN-2064 series is again shown 

as a digit switch; here it is used as a sinking output 

rer with common cathode LEDs. Using such a combina- 

seuecT J tion allows an easy interface to high cursent, MUXed 

LED displays of large digit size, many digits, or low 
efficiency (green and amber types). 


Sink/Source (Bridge) Circuit 


The combination of a ULN-2068 high gain buffer 
and a ULN-2981 source driver offers a solution to 
bipolar (bridge) drive schemes. By paralleling inputs/ 
{ie 1/2 ULN-2074A outputs of the ULN-2981 IC driver it is possible to 
PEM. Grohe iigiewt ae og oo switch load currents of 1A with the basic configura- 
tion of Figure 12. While Figure 12 shows a 5V CMOS 
interface, the same prospects are available with PMOS, 


ve| #4] ve] vel ve] él oe ooo WA OA A OA A TTL, or DTL ICs. 


Other potential solutions will be forthcoming with 
the introduction of the ULN-2840 series of drivers 
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UDN-2840 Series (Figure 13) 


The prospects for this circuit are not well defined 
as yet, but it will offer solutions to high current appli- 
cations presently being done with discrete components. 
Through packaging options it will operate as either a 
source or sink driver, and will have the same basic 
electrical parameters (1.5A and 50V) as the ULN- 
2064 family. 
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UDN-2956/2957 Relay Drivers 


Although chiefly intended as interface to telecom- 
munications relays and similar loads, this source driv- ° 
er has additional areas of application. Shown (Figure 
14) is the basic circuit which functions as a PNP driver, 
and utilizes the NPN stages to provide adequate cur- 
rent gain. The enable pin must be high (>5.0V for 
UDN-2956 and >2.4V for UDN-2957) for operation 
of the outputs; while a low or logic “0” on the enable 
pin inhibits all outputs. 
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These source drivers are capable of switching cur- 
rents to 500mA (max) and sustaining OFF voltages to 
a max of —80V. The UDN-2956 has input limiting 
designed for MOS applications, while the UDN-2957 
is intended for TTL, LS TTL, and 5V CMOS appli- 
cations. 


The minimum TTL logic “1” level of 2.4V guaran- 
tees a source current of —100mA for the UDN-2957, 
and the output voltage will be less than —1.1V under 
these conditions. Similarly the UDN-2956 will source 
—100MA with an input potential of +6V and Von 
will not exceed —1.1V. Higher output currents are a 
function of increased input voltage and greater input 
currents. 


An interface for common anode LEDs is shown in 
Figure 15; the UDN-2957 is shown as a digit driver 
operating with CMOS logic. In this configuration the 
DIP ground (pin 7) is connected to a positive supply 
to allow the IC to operate as a source to ground. A 
variety of Sprague Electric arrays are prospects for the 
segment side; these include the ULN-2031, ULN-2081, 
ULN-2003 or ULN-2004 types, all of which incorpo- 
rate seven drivers per 16-lead DIP. 
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Another sourcing interface is shown in Figure 16; 
again the DIP ground pin is shifted to a positive sup- 
ply for interface to a PIN diode. With open collector 
TTL or 12V CMOS the UDN-2957 will again serve 
as a source driver to ground. The output is pulled 
down in the OFF condition by Rp and the PIN diode 
forward current is limited by R. 
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A similar prospect is the UDN-2957 sourcing from 
ground if the PIN diode supply is a proper negative 
voltage (—3 to —5 volts), the same pulldown to the 
—80 volt maximum applies. Military applications of 
the UDN-2956 or UDN-2957 drivers as PIN diode in- 
terface may be served by hermetic, 883 versions of 
these types. 


Considerations for output current, duty cycle, and 
ambient temperature are shown in Figure 17. As is 
being done with other Sprague Electric power inter- 
face the allowable conditions of duty cycle, output 
current, and d-c operation are shown for various com- 
binations of outputs activated. The curves of Figure 
17 are for plastic DIPs (copper lead frame) for an 
ambient of +70°C. 
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Figure 18 


The loading of the logic outputs is shown in Figures 
18 and 19. The UDN-2956 Viy/Iiy curves are shown 
in Fig. 18; the same information for the UDN-2957A 
is indicated in Figure 19. 


Use of the UDN-2957 with TTL or Schottky TTL 
(LS TTL) will produce input voltage (logic output “1’’) 
and input current (logic “1” output loading) limits as 
typified in Figure 20. It is not possible to guarantee 
other manufacturers’ ICs, but the totem pole outputs 
of the 7400 and 74LS families will not be excessively 
loaded by the UDN-2957A. With the input Z of the 
UDN-2957 the minimum logic “1” level of 2.0 volts 
for TTL should be maintained without a need for ad- 
ditional pullup resistors. 
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Figure 19 


UDN-2980 Series Source Drivers 


Customer inquiries for a source IC to complement 
our highly successful Series ULN-2000 Darlington 
Arrays have resulted in another high current device; 
the UDN-2980 series is an 8-channel array for general 
purpose high voltage/high current sourcing appli- 
cations. Output loads range from LEDs, relays, 
solenoids, stepping motors, lamps, etc. which operate 
within the electrical limits of the device and the thermal 
limits of the package. 


Two output voltage limits are available; +50V 
(min) for the UDN-2981 and UDN-2982, and +80V 
(min) for the UDN-2983 and UDN-2984. Outputs are 
spec’d for a recommended current of —350mA, while 
a maximum limit is —500mA per output. The UDN- 
2981 and UDN-2983 are intended for TTL, DTL, and 
5V CMOS applications, and the UDN-2982 and 
UDN-2984 are for 12V CMOS or PMOS logic types. 


Pin-out for the series is inputs Opposite outputs, 
thus facilitating printed wiring board layouts and sep- 
arating high voltage connections from lower levels 
wherever practical. As is the typical case with Sprague 
Electric interface the series incorporates transient pro- 
tection diodes for inductive loads. Shown (Figure 21) 
is the pin-out of these 18-lead DIPs which utilize a 
copper alloy lead frame for improved thermal charac- 
teristics. 


The schematic of Figure 22 shows the basic source 
circuit with an inductive load. To minimize power 
and allow use with a wide range of power supplies 
the high voltage input inverter uses a current sink. 
Of particular importance with such a device is power, 
since unwanted circuit power restricts Output current 
and duty cycle combinations. 
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Figure 21 


An advantage using the source driver for high cur- 
rent interface is a potential minimization of coupling 
of unwanted switching transients which affect circuit 
logic components. Poorly designed printed wiring 
boards or lengthy cabling may create difficulties with 
the high ground currents (and IR drops) when open 
collector circuits are used. Lamps are particularly 
strong offenders due to their severe inrush currents. 


Separation of logic ground and load ground is 
possible with the UDN-2980 series, and IR drops or 
high transient currents are much less problemsome. 


IR drops in the wiring from the output will affect 
lamp intensity, and the ground side of the lamp may 
be well separated (physically) from the logic grounds. 
With open collector ICs high currents and microsec- 
ond switching speeds may combine to create “‘false”’ 
signals, but separating these at the power supply mini- 
mizes any potential difficulties (a UDN-2980 advan- 
tage). 


In Figures 23 and 24 the UDN-2980 series is shown 
with MUXed LEDs; the configuration in Figure 23 is 
for common anode LEDs, and the UDN-2980 type is 
used as a digit driver. The arrays for the segment side 
of the display offer current sinking levels to a 350mA 
max (ULN-2003) with proper duty cycle and package 
power considerations. Since the 500mA maximum 
level of the UDN-2980 types is the digit current the 
upper limit of source current is approximately 70mA 
without any duty cycle or V, level concerns. 
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Figure 22 


Higher current applications may utilize the UDN- 
2980 series as a segment driver and the ULN-2064 
type as a digit driver. With no duty cycle considera- 
tions the output current for all 8 channels is approxi- 
mately —100mA at +70°C (assuming the +V supply 
is less than +15V). A 100mA segment current trans- 
lates into 800mA digit current for the ULN-2064 
driver. High currents are possible with duty cycles 
less than the d-c (100°) level which assumes all 
“eights” and no “blanking” intervals. 
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Power curves indicating allowable conditions for a 
+70°C ambient and Vs, < +70 volts are shown in 
Figure 25. Operation at much lower supplies improves 
the capability somewhat, since the max current from 
V, affects the IC power. Lower voltages improve the 
allowable duty cycle or current limits somewhat, and 
if necessary should be included as a factor in 
calculating safe thermal operation. 


Hot wire (incandescent) readouts are driven in much 
the same manner as LEDs, except that MUXed (Fig- 
ure 26) hot wire displays must incorporate diodes to 
prevent ‘“‘sneak”’ series-parallel paths to unaddressed 
elements. It may be possible to use some transistor 
arrays (short collector to base) for the circuit diodes, 
but the maximum reverse voltage to the diode must 
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not exceed 6 volts. Another consideration is current, 
and this limit (max base current) may have to be con- 
firmed by the vendor. 


Summary 


With each new Sprague Electric interface IC has 
come an extension of the boundaries of simplifying 
many designs while also reducing component count 
and system cost. A great many complex MOS ICs 
must interface to the outside world and such designs 
are “‘self defeating” if they must incorporate large 
numbers of discrete components for peripheral loads 
and displays. Further evolution of Sprague Electric 
power and display interface will be keyed to the cus- 
tomer needs evolving from the growing uP revolution. 
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Series ULN-2000A Darlington Transistor Arrays 
= Description and Application 


Introduction 


The increased use of electronic circuits in systems 
formerly built with mechanical, electro-mechanical, or 
hydraulic components has resulted in systems becom- 
ing more precise, more reliable, generally less expen- 
sive, smaller, more efficient, and faster. Although the 
drive capabilities of monolithic integrated logic circuits 
are adequate for most information processing applica- 
tions, there now exists a large and rapidly growing 
number of system applications where the current- 
carrying and/or voltage-sustaining capability of the in- 
tegrated circuit logic is inadequate. Typically, these 
deficiencies arise when the logic must control such 
peripheral components as relays, solenoids, punches, 
stepping motors, and a variety of indicators (incandes- 
cent, LED, or gas discharge lamps and displays). 


A very common solution to this output interface in- 
adequacy has been the addition of discrete power 
transistors (or SCRs) and associated passive compo- 
nents to the logic output in order to obtain the neces- 
sary current and/or voltage capability. Although this 
provides a very satisfactory electrical solution, the 
large number of discrete components often required, 
high assembly labor costs, and space (packaging) lim- 
itations often mean additional problems and cost. A 
simple, and less expensive solution is the use of mono- 
lithic integrated circuits. 


The Series ULN-2000A is comprised of five differ- 
ent high-voltage/high-current interface circuits. They 
are capable of controlling resistive, inductive, or tung- 
sten filament loads of up to 125 watts and are compati- 
ble with all standard digital logic families (DTL, TTL, 
PMOS, and CMOS) without the need for additional 
discrete components. 


High-Voltage and High-Current Capability 


A large number of interface problems have been 
simplified by the Series ULN-2000A high-voltage, 
high-current Darlington transistor arrays. These de- 
vices are suitable for voltage, current, and gain levels 
beyond the limits of other monolithic buffers and 
arrays. 


The five devices in the ULN-2000A series are all 
comprised of seven silicon NPN Darlington pairs on 
a common monolithic substrate. All units feature 
open collector outputs and integral suppression diodes 
for use with inductive loads. 


All devices have an output sink current capability of 
500 mA although peak inrush currents to 600 mA are 
permissible, making them ideal for use with tungsten 
filament lamps. All of the outputs will sustain ‘“OFF” 
voltages of at Jeast 50 volts. Each individual Darling- 
ton circuit may therefore switch up to 25 watts (50 V 
at 500 mA). 


A definite asset of monolithic device technology is 
the very fine match between adjacent outputs when 
used in parallel. Applications requiring a sink current 
beyond the capability of a single output can be accom- 
modated by parallel outputs. Continuous operation 
of all outputs at the maximum rated current is not 
allowed because of power dissipation limitations im- 
posed by the package. However, as illustrated in Fig- 
ure 1, under certain conditions, the Series ULN-2000A 
Darlington arrays are capable of switching loads to- 
taling more than 125 watts at an ambient temperature 
of +70°C. 
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High-Power Capability 


A primary limitation of many interface circuits is 
the power dissipation of the device package. Until re- 
cently, very little concern was expressed for monolithic 
integrated circuit power dissipation. Improvements in 
silicon device technology have brought about a grow- 
ing number of monolithic circuits capable of power 
considerably in excess of present package technology. 


The Series ULN-2000A is supplied in a 16-pin dual 
in-line plastic package with a copper lead frame. 
Shown in Figure 2 is a comparison of the allowable 
package power dissipation for the industry standard 
iron-nickel alloy (Kovar) lead frame and the Sprague 
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Figure 1 


COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS 
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copper lead frame used on these devices. As shown, 
at an ambient temperature of +70°C, the Kovar lead 
frame allows only 0.64 watts while the copper lead 
frame allows 1.33 watts. At +25°C the copper lead 
frame permits a package power dissipation of 2.0 
watts! 


Actual power dissipation in any application for the 
Series ULN-2000A devices is the sum of the individual 
driver power dissipations. In turn, the individual 
driver dissipation is the product of the collector- 
emitter saturation voltage, the collector current, and 
the duty cycle. The collector-emitter saturation volt- 
age is dependent on the collector current and, to a 
lesser extent, operating temperature. 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


AMBIENT TEMPERATURE IN °C 
OWG. NO. A-9753A 


Figure 2 


ALLOWABLE AVERAGE 
PACKAGE POWER DISSIPATION 
AS A FUNCTION OF AMBIENT TEMPERATURE 
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The Basic Darlington Array 


The first, and basic array, in this series, is the Type 
ULN-2001A. This is a general-purpose version with 
input current limiting normally accomplished via the 
use of an appropriate discrete resistor connected in 
series with each input. It is also possible to utilize 
the intrinsic current limiting of many MOS outputs 
as shown in Figure 4; a typical P-channel character- 
istic. 

The use of TTL in such a manner is not reeommend- 
ed due to the higher currents and resultant high level 
of package power dissipation. Outputs of most PMOS 
and CMOS circuits will not normally source currents 
of any significance due to their high source impedance. 


> COM 


(each driver) 


Figure 3 
TYPE ULN-2001A SCHEMATIC 


DRAIN-TO-SOURCE VOLTAGE, Vps 


14 to 25 Volts PMOS Applications 


The Type ULN-2002A Darlington array was spe- 
cifically designed for use with 14 to 25 volt PMOS de- 
vices. Each input has a 7 V Zener diode and a 10,500 
ohm resistor (nominal values) to limit the input cur- 
rent to within the capability of most PMOS of the 
type specified. The basic circuit diagram is shown in 
Figure 5 with a typical application. Note that there 
are no pull-down resistors or other external discrete 
components necessary. The incorporation of the Zen- 
er diode also results in excellent noise immunity for 
this array. 


TTL and CMOS INTERFACE 


The ULN-2001A and ULN-2002A allow only a 
limited number of input options. Shown in Figure 6 
is the basic circuit diagram of the Type ULN-2003A. 
This device has a series base input resistor to each 
Darlington pair, and thus allows operation directly 
with TTL or CMOS logic operating at a supply volt- 
age of 5 V (or 12 V CMOS using FET characteristics). 


A guarantee of 200 mA output sink current capa- 
bility (saturated) is provided with the worse case TTL 
logic J level of 2.4 volts. Low-power Schottky-clamp- 
ed TTL logic is generally specified to have a minimum 
Vout of 2.7 volts. The ULN-2003A is guaranteed to 
sink 250 mA under this input condition. With the 
more typical input of 3 volts, the ULN-2003A Darl- 
ington pair will sink at least 300 mA in the “ON” 
state. 


Figure 4 
TYPICAL P-CHANNEL 
DRAIN CHARACTERISTIC 


DRAIN CURRENT, Ip IN mA 


OWG. KO. A-10.174 
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ULN-2002A 


OWG. No, A-9650 


(each driver) 


OWG. No. A-9652 


Figure 5 
TYPE ULN-2002A SCHEMATIC AND APPLICATION 


TTL totem pole outputs are not specified between 
the 400 uA logic / fanout condition and the maximum 
output short-circuit current (20 to 55 mA for the 7400 
series). Between these rather wide limits lies the re- 
quired ULN-2003A input current. The maximum 
Type ULN-2003A input current level is specified at 
1.35 mA at the extrapolated TTL maximum logic / 
level of 3.85 V. 


The ULN-2003A Darlington array will handle a 
great many interface needs — particularly those beyond 
the capabilities of TTL buffers. Also shown in Figure 
6, is a typical application of the ULN-2003A Darling- 
ton array. Of particular interest in this application is 
an unusual use of the transient-suppression diodes for 
a non-inductive load. The lamp test feature can of 
course be used with any of the devices in this series. 


ULN-2003A 


+VCC 


oCOM 


© LAMP 
OWG. NO. A-9653A ‘ TEST 


(each driver) 


TTL 
OUTPUT 


Figure 6 
TYPE ULN-2003A SCHEMATIC AND APPLICATION 
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The diodes are designed to handle the same current 
and voltage as the output transistors. Switching can 
be accomplished through an ordinary switch or an 
appropriate power transistor. With the standard 
+70°C ambient and the most widely used lamps (2 
No. 327 or 2 No. 387 lamps per output) there is no 
problem with continuous operation. 


6 to 15 Volt CMOS or PMOS Applications 


The Type ULN-2004A Darlington array has an ap- 
propriate series input resistor (nominally 10.5 kQ) to 
allow its operation directly from CMOS or PMOS 
logic outputs utilizing supply voltages of between 6 
and 15 V. 


Shown in Figure 7 is a typical application of this 
array. Although the discrete output buffer could be 
used to increase the output capability of any of the 
devices in this series, this is most often done by paral- 
leling outputs as was described earlier. 


OWG WO. A-9898A 


(each driver) 


ULN-2004A 
*Vop 


2N4901 


i OwG. KO. A-965UA 


CMOS = 
OUTPUT 


Figure 7 
Type ULN-2004A SCHEMATIC AND APPLICATION 
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COLLECTOR CURRENT IN mA - I, 


wos 


Input Current 


The Darlington collector current (output in satura- 
tion) at an ambient temperature of +25°C, for any 
input current is the same for all four devices in this 
series and is shown in the graph of Figure 8. More 
accurately, the maximum input current for any collec- 
tor current is described by the equation: 


liy(ua) = Ictma) + 140 vA 
where J;, is the input current in microamperes, I¢ is 
the collector current in milliamperes, and the figure 
140 represents the maximum shunt current through 


the emitter-base resistors. The typical input current 
can be described as: 


linia) = 0.58 | ctma) + 110 yA 


where the figure 0.58 is an adjustment for the typical 
Darlington current gain and the figure 110 represents 
the typical shunt current. 


Figure 8 


COLLECTOR CURRENT 
AS A FUNCTION OF INPUT CURRENT 


INPUT CURRENT IN mA = lin, 


INPUT CURRENT IN mA = ling 


INPUT CURRENT IN mA = ling 
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The input current as a function of input voltage is 
shown in Figure 9 for the ULN-2002A, ULN-2003A, 
and the ULN-2004A. The Type ULN-2001A Darl- 
ington array is not shown since input current is more 
a function of the external circuitry. Systems utilizing 
either CMOS or PMOS logic should be evaluated for 
intrinsic current limiting as was shown in Figure 4. 


ULN-2002 | 
= 


ca 


INPUT VOLTAGE - VIN 


OWG. NO. A-9899 


Figure 9 


INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 
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Low Available Drive Current Operation 


Occasionally, applications featuring minimum avail- 
able input drive current and a high output load current 
have shown the Type ULN-2003A and ULN-2004A 
Darlington arrays to be inadequate for the particular 
requirement under worst case conditions. This usual- 
ly results from the restricted drive current available 
from a TTL or CMOS gate operating from a nominal 
supply of 5 volts. 


Under worst case conditions with a low logic J volt- 
age (2.4 V), and a high input resistor value (3.51 kQ), 
the available load current is reduced to only 145 mA. 
Compounding this problem would be the effect that a 
high drive current requirement would have on the 
logic output voltage since that is normally specified at 
only 400 wA. If the gate output is connected to addi- 
tional logic elements, a minimum logic / voltage of 
2.0 V must be maintained and at that level the worst 
case Darlington load current would be reduced to only 
31 mA! 


A simple solution to this problem is through the 
use of inexpensive pull-up resistors as shown in Figure 
10. The minimum resistor value is determined by the 
maximum allowable sink current (16 mA for TTL, 
360u A for CMOS), the minimum logic 0 output volt- 
age, and the maximum supply voltage as per the fol- 
lowing equation: 


Vs — Voutto) 
Rp > ——_—_—— 


lout 


For standard TTL, the minimum value for Rp is 
about 316 2 with values between 3000 2 and 5000 0 
being used customarily. Multiple pull-up resistors in 
a single in-line package are shown in Sprague Engi- 
neering Bulletin No. 7041; resistors in a dual in-line 
package are shown in Bulletin No. 7042. 


Conclusion 


Since the Series ULN-2000A high-voltage, high- 
current Darlington transistor arrays are quite conser- 
vatively designed, the basic product is fully capable of 
being ordered to higher voltages and/or higher currents 
than the standard specifications. Presently, parts are 
available to withstand up to 95 volts on the output. 
Parts with this higher voltage rating would create a 
potential for switching loads far in excess of 125 watts! 
Aside from the higher power handling capability, the 
higher voltage rating is required for driving plasma or 
gas-discharge displays. 


APPLICATIONS INFORMATION (Cont'd) 


Although not intended for high power applications, 
there is also available a Series ULS-2000H with her- 
metic sealing and an operating temperature range to 
+125°C. These parts are recommended for military 
and aerospace applications as well as commercial and 
industrial control applications where severe environ- 
ments may be encountered. 


All of these Darlington transistor arrays offer a 
common solution to a great many interface needs. 
The minimal component count and straightforward 
printed wiring board layout offer benefits in cost re- 
duction, simplicity of board layout, and savings in 
space. Other benefits are a reduction in insertion 
costs, and lower handling and inventory costs than 
other alternatives. Cost benefits from some of these 
factors are not very tangible. However, fewer com- 
ponents, less complex boards, etc. usually result in 
lower system manufacturing costs. 
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Figure 10 


USE OF PULL-UP RESISTORS 
TO INCREASE DRIVE CURRENT 
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Computing IC Temperature Rise 


Reprinted by permission from the June 9, 1977 
issue of MACHINE DESIGN, Copyright © 1977 by 
Penton/IPC Inc., Cleveland, Ohio. 


EXCESSIVE heat shortens the 
life of an IC and reduces its 
operating capability. Until re- 
cently, ICs were capable of 
operating only in low-power ap- 
plications requiring perhaps a 
few milliwatts of power. But 
now, new ICs handle several 
hundred milliamperes and 
drive devices such as relays, 
solenoids, stepping motors, and 
incandescent lamps. These high 
power levels may increase IC 
temperatures substantially and 
are capable of destroying de- 
vices uniess appropriate pre- 
cautions are taken. 


Thermal Characteristics 


The thermal characteristics 
of any IC are determined by four 
parameters. Maximum allowa- 
ble Ic chip junction temperature 
T, and thermal resistance Ro 
are specified by the IC manufac- 
turer. Ambient temperature 7, 
and the power dissipation P, 
are determined by the user. 
Equation 1 expresses the rela- 


Heat is the enemy of integrated circuits—particular- 
ly power devices. Here’s how to use thermal ratings 
to determine safe IC operation. 


Why IC Temperatures Rise 


IC temperature 7, is determined 
by ambient temperatureT,, 
heat dissipated P,,, and total 
thermal resistance Rg. This 
total thermal resistance is 
comprised of three individual 
component resistances: 

chip R,., lead frame R,, 

and heat sink R,. 


tion of these parameters. 
Ty = Ta + PpR, (1) 


Junction temperature T, 
usually is limited to 150°C for 
silicon ICs. Devices may operate 
momentarily at slightly higher 
temperatures, but device life 
expectancy decreases exponen- 
tially for extended high- 
temperature operation. Usu- 
ally, the lower the junction 
operating temperature, the 
greater the anticipated life of 
the IC. 

Ambient temperature 7, is 
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traditionally limited either to 
70°C or 85°C for plastic dual in- 
line packages (DIPs) or 125°C for 
hermetic devices. Again, the ob- 
jective is to operate at as low a 
junction temperature as practi- 
cal. 

Thermal resistance R» is the 
basic thermal characteristic for 
Ics. It is usually expressed in 
terms of °C/W and represents 
the rise in junction temperature 
with a unit of power applied in 
still air. (The reciprocal of 
thermal resistance is thermal 
conductance, or derating factor, 


APPLICATIONS INFORMATION (Cont'd) 
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What the Curves Show 


The junction temperature of an IC depends on several factors, including the thermal resistance of the IC and the 
operating duty cycle. Graphs showing the relationship of these factors are often useful in specifying an IC. 


Thermal Ratings 


14-lead DIP, copper leads, 60°C/W 


8-lead DIP, copper leads, 80°C/W 


14-lead hermetic DIP, 
400°C/W 


_ 
oO 


14-lead DIP, 
Kovar leads, 125°C/W 


°o 
a 


= 
a 
e 
2 
w 
2 
” 
1 
(a 
_ 
® 
= 
fo) 
a. 
om) 
D 
o 
x 
i) 
© 
oa 
iD 
re) 
© 
= 
ig 
< 


14-lead flatpack, 140°C/W 


-50 -25 O +25 +50 +75 +100 +125 +150 
Ambient Temperature, 7, (°C) 


Duty Cycle 


o= 
{2} 
Oo 


Ra = 100°C/W 


Allowable Peak Collector Current, /,. (mA) 


60 
Duty Cycle, D (percent) 


Typical thermal-resistance ratings for ICs in still air range 
from 60°C/W to 140°C/W. The slope of each curve on this 
graph is equal to the derating factor G@, which is the 
reciprocal of thermal resistance Ré. For an ambient 
temperature of 50°C, a typical 14-lead flatpack with an Ré of 
140°C/W can dissipate about 0.7 W. A typical DIP, however, 
with 14 copper-alloy leads can dissipate almost 1.7 W at 
50°C. 

The highest allowable package power dissipation shown 
here is 2.5 W. Other special-purpose DIP packages are 
available with power dissipation ratings as high as 3.3 W at 
0°C (Re = 45°C/W). If not for package limitations, IC chip 
dissipation might be greater than 9 W at an ambient 
temperature of up to 70°C. 

Although the curve for plastic DIPs goes all the way to 
150°C, they ordinarily are not used in ambients above 85°C 
because of traditional package limitations. Hermetic DIPs 
are specified to temperatures of 125°C, and at 150°C the 
device should be derated to 0 W. The higher 
specification limits for hermetic devices is the result of 
their design for use in rigorous, high-reliability military 
applications. 


Duty cycle is important in calculating IC junction 
temperature because average power—not instantaneous 
power—is responsible for heating the IC. To convert from 
peak power to average power, multiply the peak power 
dissipation by the duty cycle. The average-power rating is 
then used with the thermal-resistance rating to calculate 
the IC junction temperature. Thus, short duty cycles allow 
peak power to be high without exceeding the 150°C 
junction-temperature limit. However, this consideration 
applies only to ON times of less than 0.5 sec. 


Ge expressed as W/°C.) Thermal 
resistance of an IC consists of 
several distinct components, 
the sum of which is the specified 
thermal resistance. For a typi- 
cal IC, these components of 
thermal resistance are 0.5°C/W 
per unit thickness of the silicon 
chip, 0.1 to 3°C/W per unit 
length of the lead frame, and up 
to 2,000°C/W per unit thickness 
of still air surrounding the IC. 
DIPs are used more than any 


other type of packaging for 
ICs and newer copper-alloy 
lead frames provide a superior 
thermal rating over the stand- 
ard iron-nickel-cobalt alloy 
(Kovar) lead frames. However, 
power ICs are also available 
in other packages such as flat- 
packs and TO-type cans. 

The power P, that an IC can 
safely dissipate usually de- 
pends on the size of the IC chip 


_and the type of packaging. Most 
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common copper-frame DIPs can 
dissipate about 1.5 W, although 
some special-purpose types 
have ratings as high as 5 W. 


Power Dissipation 


Total IC power to be dissi- 
pated depends on input current, 
output current, voltage drop, 
and duty cycle. Thus, for many 
industrial digital-control ICs, 
logic-gate power P, (typically 
less than 0.1 W) and output 


i i 


power P, must be determined to 
find the total power to be dissi- 
pated. Total power dissipation 
for these logic devices is the sum 
of P,; and P,. 


P; = n(Veclcc) (2) 
P, = n(Vexsarylc) (3) 


where V-; = logic-gate supply 
voltage, I-- = logic-gate ON 
current, Voegsar) = output sat- 
uration voltage, J. = output 
load current, andn = number of 
logic gates. Manufacturers 
usually list typical and maxi- 
mum values for these voltages 
and currents. For thermal con- 
siderations it is best to use the 
maximum values so that 
worst-case power dissipation is 
determined. 

If the duty cycle of the device 
is longer than 0.5 sec, the peak 
power dissipation is the sum of 
the logic-gate power P, and out- 
put power P, for the logic ON 
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Finding Safe 
Operating Limits 


Here’s how to. calculate the safe 
_ operating limits for an IC. The first two 
examples are simple calculations 
involving maximum allowable power 
and are straightforward. The third and 
fourth examples are more complex 
and involve logic power, output — 
power, and duty cycle. . 
_ Problem: Determine the maximum 
allowable power dissipation that can 
be handled safely by a 16-lead Kovar 
DIP with an Re of 125°C/W in an ambient 
temperature of 70°C. 
Solution: From Equation 1, the 


maximum allowable power dissipation 


P, for this IC is 


~ 150°C — 70°C 
p= 
125°C/W 
= 0.64 W 


Problem: Determine the maximum 


__ allowable power dissipation that can 


be handled by a 14-lead copper DIP 


with a derating factor Go of 16.67 
mW/°C in an ambient of 70°C. 
Solution: Since the derating factor 


_Go'is the reciprocal of thermal 


resistance Re, the maximum allowable 
power dissipation P, from Equation 1 is 
Pp = (150°C — 70°C) 
Xx (16.67 mW/°C) 
“22433 W 


Problem: Calculate the maximum 
junction temperature for a quad power 


- driver with a thermal resistance of 


60°C/W in an ambient of 70°C and 
which is controlling a 250 mA load on 


_ each of the four outputs. 


Solution: To determine the 
maximum {worst case) junction 
temperature for this IC, the maximum 
total power dissipation must be 
determined from the data listed on the 


{C data sheet. The specifications are 
_ usually listed as typical and minimum 
_ or maximum values. It is important to 


use maximum voltage and current 
limits to'insure an adequate design. 
Common maximum values for an 


state alone. If the ON time is 
less than 0.5 sec, however, av- 
erage power dissipation must be 
calculated from instantaneous 


Porr from 
Pp = DPon + (1 — D)Porr (4) 


Corrective Actions 
If the junction temperature or 


of the Ic is calculated to be 
greater than the maximum 
values specified by the man- 


ON and OFF power Poy and 


Measuring IC Temperature 


Sometimes IC junction temperature cannot be calculated 
readily and instead must be measured. Measurement should 
be made when there is insufficient data with which to 
calculate, when the effects of external variables such as 
forced-air cooling or enclosure size must be determined, or as 
a check on the manufacturer’s specifications regarding 
package thermal resistance. 

The most popular technique for measuring IC temperature 
uses the characteristic of a diode to reduce its forward voltage 
with temperature. Many IC chips have some sort of accessible 
diode—parasitic, input protection, base-emitter junction, or 
output clamp. With this technique, a ‘“‘sense”’ diode is 
calibrated so that forward voltage isa direct indicator of diode 
junction temperature. Then, current is applied to some other 
component on the chip to simulate operating conditions and 
to produce atemperature rise. Since the thermal resistance of 
the silicon chip is low, the temperature of the sense diode is 
assumed to be the same as the rest of the monolithic chip. 

The sense diode should be calibrated over at least the 
expected junction operating temperature chamber. Apply an 
accurately measured, low current of about 1 mA through the 


the required power dissipation 


ufacturer, device reliability and 
operating characteristics possi- 


sense diode and measure the forward voltage in 25°C 
increments after stabilization at each temperature. This 
calibration provides enough data for at least six points to 
construct a diode-forward-voltage versus 
junction-temperature graph at the specified forward current. 
A typical 25°C forward voltage is between 600 and 750 mV and 
decreases 1.6 to 2.0 mV/°C. 

For power levels above 2 W, it may be necessary to use more 
than a single transistor if only the device saturation voltage 
and sink current are used. When higher power is desired, keep 
the output out of saturation. 

Measuring the sense-diode forward voltage may require a 
considerable waiting period (10 to 15 minutes) for thermal 
equilibrium. In any event, at the instant of measurement, the 
heating power may have to be disconnected since erroneous 
readings may result from IR drop in circuit common leads. 
Various circuit connections (such as four-point Kelvin) may be 
arranged to reduce or eliminate this source of error. 

The IC junction temperature can be determined by 
comparing the voltage measurement with the internal power 
source against the voltage measurement with the temperature 
chamber. 
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SSS 


industrial power driver are V,, = 5.25V, 
lee = 25 MA, aNd Vegrsar) = 0.7V, and |, = 
250 mA. From Equations 2 and 3, worst 
case logic and output power 
dissipation are 


P; = 4(5.25 V X 25 mA) 
—= 525 mW 

P, = 4(0.7 V X 250 mA) 
== 700 mW 


Thus, the total worst case power 
dissipation P, is 525 mW plus 700 mW, 
or 1.225 W. From Equation 1, maximum 
junction temperature T, is 


Ty == 70°C + (1.225 W) 
> (16.67 mW/°C) 
= 143.5°C 
Problem: Determine the acceptable 
duty cycle for a hermetic power driver 
with a thermal resistance of 100°C/Win . 
an ambient of 85°C and which is 
controlling load currents of 250 mA on 
each of four outputs. 
Solution: From Equation 1, the 
allowable average power dissipation 


bly will be reduced. Possible 
solutions are: 1. Modify or parti- 
tion the circuit design so the IC 
is not required to dissipate as 
much power. 2. Reduce the 


Setting Up the Circuit 


Ve 


Resistors control 
output transistor ~ 
power dissipation 


IC device 


Input power is negligible compared to output 


P, for this IC is 
150°.O. 85°C 


100°C /w 
= 0.65 W 


p= 


This means that there is 0.65 W limit on 
average power, but, not instantaneous 
power. If the duty cycle is low enough, 
and the ON time is not more than about 
0.5 sec, the average power dissipation 
can be considerably lower than the 
peak power. The ON, or peak power, is 
determined from the data sheet 
maximum values of Voc, lec, ANd Versa 7) 
at the specified load current of 250 mA. 
From Equations 2 and 3, logic-gate 
power P, and output power P, for the 
ON state are 


P; = 4(5.5 V X 26.5 mA) 
= 583 mW 

P, == 4(0.7V X 250 mA) 
= 700 mW 


Instantaneous ON power P,, is the 
sum of P, and P, for the ON state, or 
1.283 W. The OFF poweris primarily the 


thermal resistance of the IC by 
using a heat sink or forced-air 
cooling. 3. Reduce the ambient 
temperature by moving heat- 
producing components such as 


Calibrating the Sense Diode 


800 


Constant current 
source of about 1 mA 
vi 700 


600 


Voltmeter measures 
forward voltage 
across sense diode 


™ Transient 
suppression 
diode used 
as sense diode 


Diode Forward Voltage, V,. (mV) 


400 


300 
25 


power and is therefore not measured. 
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power dissipated by the logic in the 
OFF state, and is found by using the /o- 
maximum rated current listed on the 
specification sheet. The power 
dissipated in the output stage gan be 
calculated from the leakage current /, _ 
and supply voltage V,,. From 
Equations 2 and 3, logic-gate power P, 
and output power P,, for the OFF state 
are 


P, = 4(5.5 V X 7.5 mA) 
= 165 mW 

P, = 4(100 V X 0.1 mA) 
== 40 mW 


Instantaneous OFF power Pop, is the 

sum of P, and P, for the OFF state, or 
205 mW. From Equation 4, acceptable 
duty cycle D is 


Pp — Porr 
D2 a ee 
Poy — Porr 
0.65 W — 0.205 W 
1.283 W — 0.205 W 


I 


transformers and resistors 
away from the IC. 4. Specify a 
different IC with improved 
thermal or electrical charac- 
teristics (if available). MD 


Line has a slope of approximately 
—1.8 mV/°C and intersects the ordi- 
nate between 700 and 750 mV. 


50 


75 100 125 150 
Junction Temperature, T, (°C) 


175 


PACKAGE DRAWINGS 
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‘A' PACKAGE: 14-Pin Plastic Dual In-Line 
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‘A' PACKAGE: 16-Pin Plastic Dual In-Line 
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‘A' PACKAGE: 18-Pin Plastic Dual In-Line 


NOTES: 
1. Lead spacing tolerance is non-cumulative. 
2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane. 
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DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
METRIC DIMENSIONS ARE BASED ON 1” = 25.4 mm 
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‘A’ PACKAGE: 22-Pin Plastic Dual In-Line 
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‘B' PACKAGE: 16-Pin Plastic Dual In-Line 
NOTES: 


1. Lead spacing tolerance is non-cumulative. 

2. Exact body and lead configuration at vendor's option within limits shown. 

3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 

5. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane. 
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DIMENSIONS IN INCHES 
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DIMENSIONS IN MILLIMETRES 
METRIC DIMENSIONS ARE BASED ON 1” = 25.4 mm 
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‘D’' PACKAGE: 8-Pin Metal Can 
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'H’ PACKAGE: 8-Pin Hermetic Dual In-Line 


NOTES: 
1. Lead spacing tolerance is non-cumulative. 


2. Exact body and lead configuration at vendor's option within limits shown. 

3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 

5. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane. 
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‘H' PACKAGE: 14-Pin Hermetic Dual In-Line 
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‘H' PACKAGE: 18-Pin Hermetic Dual In-Line 


NOTES: 
1. Lead spacing tolerance is non-cumulative. 


2. Exact body and lead configuration at vendor's option within limits shown. 

3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 

9. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane. 
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‘J' PACKAGE: 14-Pin Hermetic Flat-Pack 
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2. Exact body and lead configuration at vendor's option within limits shown. 

3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 

5. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane. 
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‘R' PACKAGE: 14-Pin Ceramic Dual in-Line 


0,044 0,014 
0.028 ~ ee 
16 15 14 13 12 11 109 
Ane } 
0.280 0.310 15° 
0.240 ay lt o° 


INDEX AREA~ 
0.065 3.45 6 7 8] o100+0.010 
0.035 0.785 NOTE 1 


0.735 
0.200 MAX 
SEATING PLANE 
0.100 MIN 
0.020 
MIN. 
b-8e%8 0.025 REF 


i : ; 0,35 
0,2) 


16 15 14 13 12 11:10 9 


year a ne = 
eave 7.87 192 
GAG 7.37 c 


NOOSE eq] 3 45 6 7 8] 2544025 
sp 19.93 NOTE 1. 
18.67 


5.08 MAX 


SEATING PLANE 


2.54 MIN. 


0.51 MIN 
0.64 REF 


es 4 


‘R' PACKAGE: 16-Pin Ceramic Dual In-Line 
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NOTES: 
1. Lead spacing tolerance is non-cumulative. 


2. Exact body and lead configuration at vendor's option within limits shown. 


3. Leads missing from their designated positions shall also be counted when numbering leads. 


4. Terminal lead standoffs may-be omitted and replaced by body standoffs. 
9. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane. 


7—58 


PACKAGE DRAWINGS (Cont'd) 
i VETS INN HE STEER NS NCSD AS ME HCD SEE ASE GD BSE STR TANTS YEO AESPENSRR SES BEL SMES EONS CSREES GRO 


Package Thermal Characteristics 


SSS SSS 


Package Frame Applicable 

Type Designator Mater: Curve ROja GOja 
Plastic 

8 Lead Mini M Copper Fig 1C 80°C/W 12.5mW/°C 
14 Lead A Kovar Fig 1E 125°C/W 8mW/°C 

14 Lead A Copper Fig 1B 60°C/W 16.67mW/°C 
16 Lead A Kovar Fig 1E 125°C/W 8mW/°C 

16 Lead A Copper Fig 1B 60°C/W 16.67mW/°C 
16 Lead B Copper Fig 2C 45°C/W 22.22mW/°C 
16 Lead (V8 Heat Sink) B Copper Fig 2B 37.5°C/W 26.67 mW/°C 
16 Lead (V7 Heat Sink) B Copper Fig 2A 27.5°C/W 36.36mW/°C 
18 Lead A Kovar Fig 1D 110°C/W 9.1mW/°C 
18 Lead A Copper Fig 1A 55°C/W 18.18mW/°C 
22 Lead A Copper ~ 50°C/W 20mW/°C 
Cer DIP 

14 Lead R Kovar Fig 3B 75°C/W 13.33mW/°C 
16 Lead R Kovar Fig 3B 75°C/W 13.33mW/°C 
18 Lead R Kovar Fig 3A 65°C/W 15.4mW/°C 
Hermetic 

8 Lead H Fig 4C 120°C/W 8.33mW/°C 
14 Lead H Fig 4B 90°C/W 11.1mW/°C 
16 Lead H Fig 4B 90°C/W 11.1mW/°C 
18 Lead H Fig 4A 75°C/W 13.33mW/°C 
14 Lead J (flat pack) Fig 4D 140°C/W 7.14mW/°C 


LLL a TE TIE ETE ST TO EE SEIS SEIS AEE DEE EY SS SET GE ED ES AE SE EEE a IIT IISA ES SAS WOE MABE GA FLED OGL KE STII LE REREAD OE SEES, 
NOTE: Further thermal information is contained in the Applications Section; reference pages 7—16, 7—23, 7—43, and 7—49 thru 52. 
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PACKAGE THERMAL CHARACTERISTICS (Cont'd) 
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Figure 1 


TEMPERATURE (°C) 
OWG. NO. A-10. 554 


Figure 3 
ALL 'R’ PACKAGES (CER DIP) 
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POWER (WATTS) 


POWER (WATTS) 


TEMPERATURE (°C) 


DWG. NO. A.10, 4888 


Figure 2 
‘B' PACKAGE (Copper Only) 
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Figure 4 


SIDE BRAZED CERAMIC AND FLAT PACK 
(Aerospace and Military) 
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In the construction of the components described, the full intent of the specification will be 
met. The Sprague Electric Company, however, reserves the right to make, from time to time, 
such departures from the detail specification as may be required to permit improvements in 
the design of its products. Components made under military approvals will be in accordance 
with the approval requirements. 


The information included herein is believed to be accurate and reliable. However, the 
Sprague Electric Company assumes no responsibility for its use; nor for any infringements of 
patents or other rights of third parties which may result from its use. 


SPRAGUE PRODUCTS COMPANY 


DISTRIBUTORS’ DIVISION OF SPRAGUE ELECTRIC COMPANY 
NORTH ADAMS, MASSACHUSETTS 01247 


Executive Offices: 413/664-4481 
Customer Service: 413/664-4471 


Printed in U. S. Amer, 


